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Prognostic and Diagnostic Markers for ceU proliferative disorders of the breast tissues 

The present invention relates to prognostic and diagnostic markers for cell proliferative disor- 
ders of the breast tissues. The present invention therefore provides methods and nucleic acids 
for the analysis of biological samples for featiures associated witii the development of breast 
ceU proliferative disorders. Furthermore, the invention provides for prognosis of treatinent 
effects relating to drug therapy, in particular hormonal/antihormonal ther^y, chemotiierapy 
and/or adjuvant therjq)y. 

Accordingly, this invention relates to tiie diagnosis and prognosis of ceU proUferative disor- 
ders, in particular breast cancer, and the prognosis of a treatment regune success in ceU prolif- 
erative disorders of breast tissues. 

Today involvement of axillary lymph nodes and tumour size are the most important prognos- 
tic factors in breast cancer. Although the presence or absence of metastatic involvement in tiie 
axiUary lymph nodes is tiie most powerfiil prognostic factor available for patients with pri- 
mary breast cancer, it is only an indirect measure reflecting tiie tumours' tendency to spread. 
In approximately one-tiiird of women witii breast cancer and negative lymph nodes tiie dis- 
ease recurs, while about one-tiiird of patients witii positive lymph nodes are free of recurrence 
ten years after loco-regional tiier^y. These data higWigbt tiie need for more sensitive and 
specific prognostic indicators, ideally reflecting tiie presence or absence of tumour-specific 
alterations in the bloodstream fliat may eventually even after years lead to metastasis. It is 
now widely accepted tiiat adjuvant systemic tiiers^y substantially improves disease-free and 
overall survival in both pre- and postmenopausal women up to tiie age of 70 years witii lymph 
node-negative or lymph node-positive breast cancer (Early Breast Cancer Trialists' Collabora- 
tive Group Tamoxifen for early breast cancer, an overview of tiie randomised tiials. Early 
Breast Cancer TriaHsts' Collaborative C3roup. Lancet, 351: 1451-1467. 1998.2, 3). It is also 
generally accepted tiwt patients witii poor prognostic featiores benefit the most from adjuvant 
tiierapy, whereas some patients witii good prognostic features may be overtareated (Goldhirsch 
et al.: Meeting highUghts: Intemational Consensus Panel on tiie Treatinent of Primary Breast 
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Cancer. Seventh International Conference on Adjuvant Therapy of Primary Breast Cancer. J. 
Clin. Oncol., 19: 3817-3827, 2001.). Moreover many other fectors have been investigated for 
their potential to predict disease outcome, but in general they have only limited predictive 
value. Recently, interesting prognostic parameters including gene-expression profiles, cell 
cycle regulating proteins and occult cytokeratin-positive metastatic cells in the bone marrow 
have been added to the list of prognostic factors, but their prognostic relevance needs to be 
further evaluated. 

Changes in the status of DNA methylation, known as epigenetic alterations, are one of the 
most common molecular alterations in human neoplasia, including breast cancer 
(Widschwendter and Jones: DNA methylation and breast carcinogenesis. Oncogene, 21: 
5462-5482, 2002). Cytosine methylation occurs after DNA synthesis by enzymatic transfer of 
a methyl group j&om the methyl donor S-adenosyhnethionine to the carbon-5 position of cyto- 
sine. Cytosines are metiaylated in the human genome mostly when located 5' to a guanosine. 
Regions with a high G:C content are so-called CpG islands. It has been increasingily recog- 
nized over the past four to fiVe years that the CpG islands of a large number of genes, which 
are mostiy unmethylated in normal tissue, are methylated to varying degrees in human can- 
cers, thus representing tumor-specific alterations. The presence of abnormally high DNA con- 
centrations in the serum of patients wiHi various malignant diseases was described several 
years ago. The discovery that ceU-firee DNA can be shed into the bloodstream has generated 
great interest Numerous studies have demonstrated tumor-specific alterations in DNA recov- 
ered from plasma or serum of patients with various mahgnancies, a finding that has potential 
for molecular diagnosis and prognosis. The nucleic acid markers described in plasma and se- 
rum include oncogene mutations, microsateUite alterations, gene rearrangements and epige- 
netic alterations, such as aberrant promoter hypermethylation (Anker et aL: Detection of cir- 
culating tumour DNA in the blood (plasma/serum) of cancer patients. Cancer Metastasis Rev., 
18: 65-73, 1999). During recent years some studies have reported cell-fi»e DNA in se- 
rum/plasma of breast cancer patients at diagnosis (for exanq)le: SUva et al.: Presence of tumor 
DNA in plasma of breast cancer patients: clinicopathological correlations. Cancer Res., 59: 
3251-3256, 1999) and in some cases persistence after primary therapy (for example: Silva et 
al.: Persistence of tumor DNA in plasma of breast cancer patients after mastectomy. Ann. 
Surg. Oncol., 9: 71-76, 2002). Nevertheless an increasing number of studies have reported the 
presence of methylated DNA in serum/plasma of patients with various types of maUgnancies, 
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including breast cancer, and tiie absence of meHiylated DNA in normal conlrol patients (for 
example: Wong et al.: Detection of aberrant pl6 methylation in the plasma and serum of liver 
cancer patients. Cancer Res., 59: 71-73. 1999). So 6r, only few studies have addressed the 
prognostic value of these epigenetic alterations in patients' bloodstream (Kawakami et al.: 
Hypermethylated APC DNA in plasma and prognosis of patients with esophageal adenocarci- 
noma. J. Nati. Cancer Inst. 92: 1805-1811, 2000; Lecomte et al.: Detection of free-circulating 
tumor-associated DNA in plasma of colorectal cancer patients and its association with prog- 
nosis. Int J. Cancer, 100: 542-548, 2002). 

It will be ^eciated by those skilled in the art that there exists a continuing need to improve 
methods of early detection, classification and treatment of breast cancers, hi this appUcation 
prognostic and diagnostic DNA methylation-based markers for breast cancer are disclosed. 

5-methylcytosine positions cannot be identified by sequencing since 5-methylcytosine has Ihe 
same base pairing behavior as cytosine. Moreover, the epigenetic information carried by 5- 
methylcytosine is completely lost during PCR anq)lification. Currentiy tiie most frequently 
used method for analysing DNA for 5-methylcytosine is based upon the specific reaction of 
bisulfite with cytosine which, upon subsequent alkaline hydrolysis, is converted to uracil 
which corresponds to thymidine in its base pairing behaviour. However, 5-methylcytDsine 
remains unmodified under these conditions. Consequently, the original DNA is converted in 
such a manner that methylcytosine, which originally could not be distinguished from cytosine 
by its hybridisation behaviour, can now be detected as tiie only remaming cytosme using 
"nomial" molecular biological techniques, for example, by amplification and hybridisation or 
sequencing. All of these techniques are based on base pairing which can now be fiilly ex- 
ploited hi terms of sensitivity, the prior art is defined by a method which encloses the DNA 
to be analysed in an agarose matrix, thus preventing the diffusion and renaturation of the 
DNA (bisulfite only reacts with single-stranded DNA). and which replaces all precipitation 
and purification steps with fest dialysis (Olek A. Oswald J. Walter J. A modified and im- 
proved method for bisulphite based cytosine methylation analysis. Nucleic Acids Res. 1996 
Dec 15;24(24):5064-6). Using this metiiod, it is possible to analyse individual cells, which 
illustrates the potential of tiie metiiod. However, currentiy only individual regions of a length 
of up to ^E»proximately 3000 base pairs are analysed, a.global analysis of cells for tiiousands 
of possible metiiylation events is not possible. However, tiiis metiiod cannot reUably analyse 



wo 2005/040421 



PCT/EP2004/011577 



-4- 

very small fragments from small sample quantities either. These are lost through the matrix in 
spite of the diffiision protection. 

An overview of the further known methods of detecting 5-methylcytosine may be gafliered 
from the following review article: Fraga and Esteller: DNA Metiiylation: A Profile of Mefli- 
ods and Applications. Biotechniques 33:632-649, Sept 2002. 

To date, barring few exceptions (e.g., Zeschnigk M, Uch C, Buiting K, Doerfler W, Hor- 
sthemke B. A single-tube PGR test for the diagnosis of Angehnan and Prader-Willi syndrome 
based on aUeUc methylation differences at the SNRPN locus. Eur J Hum Genet. 1997 Mar- 
Apr;5(2):94-8) the bisulfite technique is only used in research. Always, however, short, spe- 
cific fiagments of a known gene are ampUfied subsequent to a bisulfite treatinent and either 
completely sequenced (Olek A, Walter J. The pre-hnplantation ontogeny of tiie H19 metiiyla- 
tion imprint. Nat Genet 1997 Nov;17(3):275-6) or individual cytosine positions are detected 
by a primer extension reaction (Gonzalgo ML. Jones PA. R^id quantitation of methylation 
differences at specific sites using methylation-sensitive single nucleotide primer extension 
(Ms-SNuPE). Nucleic Acids Res. 1997 Jun 15;25(12):2529-31, WO 95/00669) or by enzy- 
matic digestion (Xiong Z, Laird PW. COBRA: a sensitive and quantitative DNA methylation 
assay. Nucleic Acids Res. 1997 Jun 15;25(12):2532-4). hi addition, detection by hybridisation, 
has also been described (Olek et al., WO 99/28498). 

Further publications dealing witii tiie use of tiie bisulfite technique for metiiylation detection 
m mdividual genes are: Grigg G. Clark S. Sequencing 5-metiiylcytosme residues in genomic 
DNA. Bioessays. 1994 Jun;16(6):431-6. 431; Zeschnigk M. Schmitz B, Dittrich B, Buiting K, 
Horstiiemke B, Doerfler W. hnprmted segments in tiie human genome: different DNA metiiy- 
lation patterns m tiie Prader-Willi/Angehnan syndrome region as determined by tiie genomic 
sequencing metiiod. Hum Mol Genet 1997 Mar;6(3):387-95; Feil R. Charlton J. Bird AP. 
Walter J, Reik W. Metiiylation analysis on individual chromosomes: improved protocol for 
bisulphite genomic sequencing. Nucleic Acids Res. 1994 Feb 25;22(4):695-6; Martin V, 
Ribieras S, Song-Wang X, Rio MC, Dante R. Genomic sequencing mdicates a correlation 
between DNA hypomettiylation in tiie 5' region of tiie pS2 gene and its expression in human 
breast cancer cell lines. Gene. 1995 May 19;157(l-2):261-4; WO 97/46705. WO 95/15373, 
and WO 97/45560. 
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An overview of the Prior Art in oUgomer array manufecturing can be gathered from a special 
edition of Nature Genetics (Nature Genetics Siq)plement, Volume 21, January 1999). pub- 
lished in January 1 999, and from the literature cited therein. 

Fluorescently labeUed probes are often used for the scanning of immobilised DNA arrays. 
The simple attachment of Cy3 and Cy5 dyes to the 5'-0H of flie specific probe are particularly 
suitable for fluorescence labels. The detection of the fluorescence of the hybridised probes 
may be carried out, for example via a confocal microscope. Cy3 and Cy5 dyes, besides many 
others, are commercially available. 

Matrix Assisted Laser Desoiption lonisation Mass Spectrometry (MALDI-TOF) is a very 
efficient development for the analysis of biomolecules (JCaras M. Hillenkamp F. Laser de- 
sorption ionisation of proteins with molecular masses exceeding 10,000 daltons. Anal Chem. 
1988 Oct 15;60(20):2299-301). An analyte is embedded in a Kght-absorbing matrix. The ma- 
trix is evaporated by a short laser pulse thus transporting the analyte molecule into the vs^ur 
phase in an unfragmented manner. The analyte is ionised by collisions with matrix molecules. 
Ail applied voltage accelerates the ions into a field-free flight tube. Due to their different 
masses, the ions are accelerated at diflferent rates. Smaller ions reach the detector sooner than 
bigger ones. 

MALDI-TOF spectrometry is exceUently suited to the analysis of peptides and proteins. The 
analysis of nucleic acids is somewhat more difficult (Gut I G. Beck S. DNA and Matrix As- 
sisted Laser Desorption Ionisation Mass Spectrometry. Current Innovations and Future 
Trends. 1995, 1; 147-57). The sensitivity to nucleic acids is proximately 100 times worse 
than to peptides and decreases disproportionally with increasing fiagment size. For nucleic 
acids having a multiply negatively charged backbone, the ioirisation process via the matrix is 
considerably less efficient. In MALDI-TOF spectrometry, the selection of tiie matrix plays an 
eminently important role. For the desorption of peptides, several very efficient matrixes have 
been found which produce a very fine crystaUisation. There are now several responsive ma- 
trixes for DNA, however, the difference in sensitivity has not been reduced. The difference in 
sensitivity can be reduced by chemicaUy modifying the DNA in such a manner that it be- 
comes more similar to a peptide. Phosphorothioate nucleic acids in which the usual phos- 
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phates of the backbone are substituted with thiophosphates can be converted into a charge- 
neutral DNA using simple alkylation chemistry (CSut IG, Beck S. A procedure for selective 
DNA alkylation and detection by mass spectrometry. Nucleic Acids Res. 1995 Apr 
25;23(8):1367-73). The coupling of a charge tag to this modified DNA results in an increase 
in sensitivity to the same level as that found for peptides. A further advantage of charge tag- 
ging is the increased stabiUty of the analysis against impurities which make the detection of 
Tmmodified substrates considerably more difficult 

Genomic DNA is obtained from DNA of cell, tissue or other test samples using standard 
methods. This standard methodology is found in references such as Fritsch and Maniatis eds.. 
Molecular Cloning: A Laboratory Manual, 1989. 

The present invention provides methods and nucleic acids for the analysis of biological sam- 
ples for features associated with the development of breast ceU proUferative disorders and/or 
for the prognosis of treatment regimes in the medical intervention of breast cell proliferative 
disorders. The invention is characterised in Ihat the nucleic acid of at least one member of the 
group of genes according to Table 1 (or a fragment of said genes) is/are contacted with a re- 
agent or series of reagents capable of distinguishing between methylated and non methylated 
CpG dinucleotides within the genomic sequence (or within a part of said genomic sequence) 
of interest. The present invention makes available a method for ascertaining genetic and/or 
epigenetic parameters of genomic DNA. The method is for use for the determining the prog- 
nosis of breast cell proUferative disorders. The invention presents improvements over the state 
of the art in that by means of the methods and compounds described herein a person skilled in 
the art may carry out a sensitive and specific detection assay of cellular matter comprising 
cancerous breast tissue. This is particularly usefid as it allows the analysis of samples of body 
fluids.which may contain only a minimal amount of cell proliferative disorder cellular matter, 
and enables the detection of said cells and the identification of the organ from which they 
originated (in this case breast). To date there are no known clinically utiHsable means for the 
detection of breast cancer using genetic methylation markers to analyse bodily fluid san^les, 
such as blood, lymphatic fluids, nipple aspirate and plasma. The generated information is use- 
ful in the selection of a treatment of the patient. If a positive prognosis is determined a fiulher 
treatment might be redundant, while in a case of a poor prognosis a stronger treatment might 
be necessary. Furthermore, the invention provides for means and methods for the evaluation 
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whether treatment and/or intervention regimes in breast ceU proliferative disorder mans^e- 
ment are jfruitful* In this context and in a preferred embodiment the treatment success and/or 
potential treatment success of hormonal/antihormonal therapy (in particular tamoxifen ther- 
apy) is envisaged. 

Furthermore, the method enables the analysis of cytosine methylations and singje nucleotide 
polymorphisms. 

The genes that form the basis of the present invention are preferably to be used to form a 
"gene panel", i.e. a collection comprising the particular genetic sequences of the present in- 
vention and/or their respective informative methylation sites. The fomiation of gene panels 
allows for a quick and specific analysis of specific aspects of breast cancer. The gene panel(s) 
as described and employed in this invention can be used with surprisingly high eflHciency for 
the diagnosis, treatment and monitoring of and the anal3rsis of a predisposition to breast cell 
proliferative disorders. 

In addition, the use of multiple CpG sites firom a diverse array of genes allows for a relatively 
high degree of sensitivity and specificity in comparison to single gene diagnostic and detec- 
tion tools. Of the genes known tq be specifically methylated in breast cancer, the particular 
combination of the genes according to the invention provides for a particularly sensitive and 
specific means for the identification of cell proliferative disorders of breast tissues. 

The object of the invention is most preferably achieved by means of the analysis of the me- 
thylation patterns of one or a combination of genes taken firom the group taken firom the group 
ESRl, APC, HSD174B4, HICl and RASSFIA (see, for example, Table 1) and/or their regu- 
latory regions. The corresponding genes as well as their regulatory sequences are known in 
the art and e.g. defined by this genomic sequences as given in Table 1 and in particular in 
SEQ ID NOS: 1 to 5. The methylation pattern of these genes may also be deduced firom firag- 
ments of the corresponding genes and/or their regulatory sequences as well as firom fragments 
of their corresponding complementary strand. Such fragments comprise correspondingly CpG 
dinucleotides and comprise preferably at least 10 nucleotides, more preferably, at least 20 
nucleotides, more preferably at least 50 nucleotides and most preferably at least 100 nucleo- 
tides. As demonstrated in the appended examples, firagments between 50 and 150 nucleotides 
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may be used, inter aUa in MelJiyLight® technology. Primers and probes to be employed (e.g. 
in Methylight) comprise between preferably between 9 and 20, most preferably 14 nucleo- 
tides. 

The invention is characterised in that the nucleic acid of one or a combination of genes taken 
from the group ESRl, APC. HSD174B4, HICl and RASSFl A are contacted with a reagent or 
series of reagents capable of distinguishing between methylated and non methylated CpG 
dinucleotides within the genomic sequence of inteest 

nie object of the invention can also be achieved by the analysis of the CpG methylation of 
one or a pluraUty of any subset of the group of genes ESRl, APC, HSD174B4, HICl and 
RASSFl A, in particular the following subsets are preferred: 



- RASSFlAandAPC, 
. RASSFIA, and 

- APC 

Accordingly, in a most preferred embodiment, the CpG methylation of RASSFIA is investi- 
gated in accordance with this invention and in particular in the context of selecting a suitable 
treatment regime (in accordance with the prognosis of the patient). Most preferably, said 
treatment regime is a tamoxifen treatment. 

As documented in the appended examples, in particular RASSFIA DNA methylation is also a 
particularly useful, prognostic marker in patients with breast cancer metastasis. This is in par- 
ticular usefiil in predictions of survival rates in metastatic breast cancer. 

The present invention makes available a method for ascertaining genetic and/or epigenetic 
parameters of genomic DNA. The method is, accordingly, for use in the improved diagnosis, 
treatment and monitoring of breast cell proliferative disorders . 



The disclosed invention further provides a method for determining the phenotype of a subject 
with abreast cell proliferative disorder comprising 

a) obtaining a biological sample containing genomic DNA from said subject. 
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b) analysing the methjdation pattern of one or more target nucleic acids comprising one or a 
combination of the genes taken ftom the group consisting of ESRl, APC, HSD174B4, HICl 
and RASSFIA and/or their regulatory regions by contacting at least one of said target nucleic 
acids in the biological sample obtained from said subject with at least one reagent, or series of 
reagents that distinguishes between methylated and non-methylated CpG dinucleotides, and 

c) determining the phenotype of the individual by conq)arison to two known phenotypes. a 
first phenotype characterised by hypermethylation of the target nucleic add and poor progno- • 
sis as relative to a second phenotype characterised by hypomethylation of the analysed target 
nucleic acid and better prognosis 

The corresponding "target nucleic acids" comprise but are not limited to the nucleic acid 
molecules provided in Table 1 and the corresponding SEQ ID NOS 1 to 5. The term, how- 
ever, also comprises target sequences which are homologous or at least 80%. more preferably 
at l^t 85%. more preferably at least 90%, more preferably at least 95% and most preferably 
at least 99% identical to the nucleic acid sequences as provided m the SEQ ID NOS: 1 to 5. 
Accordingly, the genes taken from the group consisting of ESRl. APC, HSD174B4. HICl 
and RASSFIA are not limited to the genes as shown in SEQ ID NOS: 1 to 5 but said form 
also comprises variants of said sequences, like alleUc variants, in particular naturally occur- 
ring variants. The term "genes taken or selected from Ihe group consisting of ESRl. APC, 
HSD174B4. HICl and RASSFIA also comprises sequences which hybridize, preferably un- 
der stringent conditions, to the complementary strand of the sequences as shown in SEQ ID 
NOS: 1 to 5. 

In context of the present invention, the temi "identity" or "homology" as used herein relates 
to a con^arison of nucleic acid molecules (nucleotide stretches; DNA, RNA). Accordingly, 
also a variant of the genes selected from the group consisting of ESRl, APC, HSD174B4, 
HICl and RASSFIA may be determined by sequence con^arison. 

In order to deteraiine whether a nucleic acid sequence has a certain degree of identity to the 
nucleic acid sequence encoding ESRl, APC, HSD174B4, HICl and RASSFIA the skilled 
person can use means and methods well-known in the art, e.g.. aUgnments. either manually or 
by using con^uter programs such as those mentioned furiiier down below in connection with 
the definition of the term "hybridization" and degrees of homology. 
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For example, BLAST2.0, which stands for Basic lx)cal Alignment Search Tool (Altschul, 
Nucl. Acids Res. 25 (1997). 3389-3402; Altschul. J. Mol. Evol. 36 (1993), 290-300; Altschul. 
J. MoL Biol. 215 (1990), 403-410), can be used to search for local sequence aUgnments. 
BLAST produces aUgnments of both nucleotide and amino acid sequences to detennine se- 
quence similarity. Because of the local nature of the aUgnments, BLAST is especiaUy useful ' 
in detemiining exact matches or in identifying shnilar sequences. The fundamental unit of 
BLAST algorithm output is the High-scoring Segment Pair (HSP). An HSP consists of two 
sequence fragments of arbitrary but equal lengths whose aUgmnent is locally maximal and for 
which the aUgranent score meets or exceeds a threshold or cutoff score set by the user. The 
BLAST approach is to look for HSPs between a query sequence and a database sequence, to 
evaluate the statistical significance of any matches found, and to report only those matches 
which satisfy the user-selected threshold of significance. The parameter E estabUshes the sta- 
tisticaUy significant threshold for reporting database sequence matches. E is interpreted as the 
upper bound of the expected firequency of chance occurrence of an HSP (or set of HSPs) 
within the context of the entire database search. Any database sequence whose match satisfies 
E is reported in the program output 

Analogous computer techniques using BLAST (Altschul (1997), loc. cit.; Altschul (1993), 
loc. cit.; Altschul (1990), loc. cit.) are used to search for identical or related molecules in nu- 
cleotide databases such as GenBank or EMBL. This analysis is much faster than multiple 
membrane-based hybridizations, hi addition, the sensitivity of the computer search can be 
modified to determine whether any particular match is categorized as exact or similar. The 
basis of the search is the product score which is defined as: 

^sequence identity X % T wavimuTn BLAST score 

100 

and it takes into account both the degree of similarity between two sequences and the length 
of the sequence match. For example, with a product score of 40, the match will be exact 
within a 1-2% error, and at 70, the match wiU be exact Similar molecules are usuaUy identi- 
fied by selecting those which show product scores between 15 and 40, although lower scores 
may identify related molecules. 

The present invention also relates to use of ESRl, APC, HSD174B4. HICl and RASSFIA - 
mutants comprising mutations in nucleic acid molecules which hybridize to one of the above 
described nucleic acid molecules represented in SEQ ID NOS: 1 to 5. 
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The term "hybridizes" as used in accordance witJi the present invention may relate to hybridi- 
zation under stringent or non-stringent conditions. If not further specified, the conditions are 
preferably non-stringent Said hybridization conditions may be estabUshed according to con- 
ventional protocols described, for example, in Sambrook, RusseU "Molecular Cloning, A 
Laboratory Manual", Cold Spring Harbor Laboratory, N.Y. (2001); Ausubel, "Current Proto- 
cols in Molecular Biology", Green Publishing Associates and Wiley Ihterscience, N.Y. 
(1989), or Higgins and Hames (Eds.) "Nucleic acid hybridization, a practical ^roach" IRL 
Press Oxford, Washington DC, (1985). The setting of conditions is well within the skill of the 
artisan and can be determined according to protocols described ia the art. Thus, the detection 
of only specificaUy hybridizing sequences will usually require stringent hybridization and 
washing conditions such as O.lxSSC, 0.1% SDS at 65°C. Non-stringent hybridization condi- 
tions for the detection of homologous or not exactiy complementary sequences may be set at 
6xSSC, 1% SDS at 65°C. As is well known, the length of the probe and tbe composition of 
tiie nucleic acid to be determined constitute further parameters of the hybridization condi- 
tions. Note that variations in the above conditions may be accompUshed through the mclusion 
and/or substitution of alternate blocking reagents used to siqjpress background in hybridiza- 
tion experiments. Typical blocking reagents include Denhardt's reagent, BLOTTO, heparin, 
denatured sahnon sperm DNA, and commercially available proprietary formulations. The 
inclusion of specific blocking reagents may require modification of the hybridization condi- 
tions described above, due to problems with compatibiUty. Hybridizing nucleic acid mole- 
cules also comprise firagments of the above described molecules. Such fragments may repre- 
sent nucleic acid sequences which represent a ESRl, APC, HSD174B4, HICl and RASSFIA 
gene as defined herein and which have a length of at least 12 nucleotides, preferably at least 
15, more preferably at least 18, more preferably of at least 21 nucleotides, more preferably at 
least 30 nucleotides, even more preferably at least 40 nucleotides and most preferably at least 
60 nucleotides. Furthermore, nucleic acid molecules which hybridize with any of the afore- 
mentioned nucleic add molecules also include complementary fragments, derivatives and 
alleUc variants of these molecules. Additionally, a hybridization complex refers to a con^lex 
between two nucleic acid sequences by vutoe of tiie formation of hydrogen bonds between 
con^lementary G and C bases and between complementary A and T bases; these hydrogen 
bonds may be fiarther stabiHzed by base stacking mteractions. The two complementary nu- 
cleic acid sequences hydrogen bond ui an antiparallel configuration. A hybridization complex 
may be formed in solution (e.g.. Cot or Rot analysis) or between one nucleic acid sequence 
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present in solution and another nucleic acid sequence immobilized on a soUd support (e.g., 
membranes, filters, chips, pins or glass sUdes to which, e.g.. cells have been fixed). The terms 
complementary or con5)lementarity refer to the natural binding of polynucleotides under 
permissive salt and tenqjerature conditions by base-pairing. For exan^le. the sequence "A-G- 
T' bmds to the complementary sequence 'T-C-A". Conq)lementarity between two single- 
stranded molecules may be "partial", in which only some of the nucleic acids bind, or it may 
be complete when total complementarity exists between single-stianded molecules. The de- 
gree of complementarity between nucleic acid strands has significant effects on the efficiency 
and strength of hybridization between nucleic acid strands. This is of particular importance in 
ampUfication reactions, which depend upon binding between nucleic acids strands. 
The term "hybridizing sequences" preferably refers to sequences which display a sequence 
identity of at least 80%. preferably at least 85%, more preferably at least 90%, even more 
preferably at least 95%, even more particularly preferred at least 96%. 97% or 98% and most 
preferably at least 99% identity with a nucleic acid sequence as described in SEQ ID NOS: 1, 
2, 3, 4 or 5. In accordance witix the present invention, flie terai "identical" or ''percent iden- 
tity" in the context of two or more nucleic acid sequences, refers to two or more sequences or 
subsequences tiiat are the same, or that have a specified percentage of amino acid residues or 
nucleotides tiiat are the same (e.g., 70-95% identity, more preferably at least 95%. 97%, 98% 
or 99% identity), when compared and aligned for maximum correspondence over a window 
of comparison, or over a designated region as measured using ai sequence comparison algo- 
rithm as known in the art, or by manual alignment and visual inspection. Sequences having, 
for example, 60% to 95% or greater sequence identity are considered to be substantially iden- 
tical. Such a definition also appHes to the complement of a test sequence. Preferably die de- 
scribed identity exists over a region that is at least about 5 to 30 amino acids or nucleotides in 
length, more preferably, over a region that is about 5 \o 30 amino acids or nucleotides in 
length. Ihose having skUl in the art will know how to determine percent identity be- 
tween/among sequences using, for example, algprithms such as those based on CLUSTALW 
computer program (Thompson. Nucl. Acids Res. 2 (1994), 4673-4680) or FASTDB (Brutiag. 
Comp. App. Biosci. 6 (1 990). 237-245), as known in the art. 

The above recited method is preferably carried out by analysing die methylation pattern of 
RASSFIA and/or its regulatory sequences/regions when the prognosis of survival rates in 
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metastatic breast cancer is to be determined or when the treatment success or treatment prog- 
nosis, e.g. of a tamoxifen treatment is to be determined. 

The DNA may be obtained from any form of biological san^le including but not limited to 
cell lines, histological sUdes, biopsies, tissue embedded in paraffin, breast tissues, blood, 
plasma, lymphatic fluid, lymphatic tissue, duct ceUs, ductal lavage fluid, nipple aspiration 
fluid and combinations thereof Genomic DNA must then be isolated from the sample using 
any means standard in the art. The isolated DNA is treated with at least one reagent, or series 
of reagents that distinguishes between methylated and non-methylated CpG dinucleotides. 
This may be carried out by any means standard in the art including the use of restriction en- 
donucleases. However, it is preferably carried out with bisulfite (sulfite, disulfite) and subse- 
quent alkaline hydrolysis which results in a conversion of non-methylated cytosine nucleo- 
bases to uracU or to anolher base which is dissimilar to cytosine in terms of base pairing be- 
haviour. If bisulfite solution is used for the reaction, then an addition takes place at Ihe non- 
methylated cytosine bases. Moreover, a denaturating reagent or solvent as well as a radical 
interceptor must be present A subsequent alkaline hydrolysis then gives rise to the conversion 
of non-melhylated cytosine nucleobases to uracil The converted DNA is then used for Ihe 
detection of methylated cytosines. The methylation status of one or more of the genes ESRl. 
APC, HSD174B4. HICl and RASSFIA and/or of their regulatory regions (or of fiagments of 
said genes and/or of fragments of said regulatory sequences) is then analysed. This analysis 
may be carried out by any means standard in the art including the above described techniques, 
m the final step of the method the methylation pattern of the DNA obtained from the subject 
is con5>ared to that of two known phenotypes. The first phenotype is characterised by hyper- 
methylation or meliiylation of the target nucleic acid and poor prognosis as relative to a sec- 
ond phenotype characterised by hypomethylation or no methylation of tiie analysed target 
nucleic acid and better prognosis. For example, appended Table 3 provides for results of a 
diagnostic analysis of prognosis enq)loying the methylation status of the genes and/or their 
regulatory sequences provided herein above. It is particularly preferred that the genes APC 
and/or RASSFIA are analysed. Most preferably, the methylation status of RASSFIA is ana- 
lyzed. By determining which of the two phenotypes the subject belongs to it is possMe to 
determine a suitable treatinent to her breast ceU proUferative disorder. Also the treatment suc- 
cess, for example in a hormonayantihormonal therapy may be determined as shown in the 
appended examples. 
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The method according to the inventioB may be used for the analysis of a wide variety of cell 
proliferative disorders of the breast tissues including, but not limited to. ductal carcinoma m 
situ lobular carcinoma, colloid carcinoma, tubular carcinoma, medullary carcinoma, meta- 
plastic carcinoma, intraductal carcinoma in situ, lobular carcinoma in situ and papillary carci- 
noma in situ. 

Furthemiore. the method enables the analysis of cytosine methylations and single nucleotide 
polymoiphisms within said genes. 

The object of the invention is achieved by means of the analysis of the methylation patterns of 
one or more of the genes ESRl, APC. HSD174B4, HICl and RASSFIA and/or their regula- 
tory regions. As mentioned above, in a particularly preferred embodiment the sequences of 
said genes comprise SEQ ID NOs: 1 to 5 and sequences conq,lementary thereto. As discussed 
above in a most preferred embodiment, for example m the determination of a treatment suc- 
cess or a potential treatment success with. e.g. tamoxifen, tHe RASSFIA gene methylation 
pattern is analysed. A specific exan^le is given in the experimental part. 

Hxe object of the invention may also be achieved by analysmg the methylation patterns of one 
or more genes (or ftagments of said genes) taken firom the foUowing subsets of said afore- 
mentioned group of genes. In one embodiment the object of the invention is preferably 
achieved by analysis of the methylation patterns of the genes RASSFIA and APC and 
wherein it is further preferred that the sequence of said genes comprise SEQ ID NOs: 5 and 3, 
respectively. In a further embodiment the object of the invention is achieved by analysis of 
the mefliylation patterns of the gene RASSFIA and/or its regulatory sequences, and wherem it 
is further preferred that the sequence of said gene comprises or is SEQ ID NO: 5. In further 
aspects, the object of the invention may also be achieved by analysis of the methylation pat- 
tern of the gene APC and/or its regulatory sequences, and wherein it is &rfher preferred that 
the sequence of said gene comprises or is SEQ ID NO: 3. as mentioned above also (highly) 
homologous sequences which are at least 80% identical to the sequences as shown in SEQ ID 
NO: 5 (RASSFIA) or SEQ ID NO: 3 (APC). 
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In a preferred embodiment said method is achieved by contacting said nucleic acid sequences 
in a biological sample obtained from a subject with at least one reagent or a series of reagents, 
wherein said reagent or series of reagents, distinguishes between methylated and non methy- 
lated CpG dinucleotides within the target nucleic acid. 

In a preferred embodiment, the method comprises the foUowing steps: 
m the first step of the method the genomic DNA sample must be isolated from sources such 
as cells or cellular components which contam DNA, sources of DNA conqoising, for exam- 
ple, cell lines, histological sUdes, biopsies, tissue embedded in paraffin, breast tissues, blood, 
plalma. lymphatic fluid, lymphatic tissue, duct cells, ductal lavage fluid, nipple aspiration 
fluid and combinations thereof. Extraction may be by means that are standard to one skilled in 
the art. these include the use of detergent lysates. sonification and vortexing with glass beads. 
Once the nucleic acids have been extracted the genomic double stranded DNA is used in the 
analysis. 

Details to the methods of the preseot invention are given in the appended examples. 

In one embodiment the DNA may be cleaved prior to the next step of the method, this may be 
by any means standard in tbe state of the art. in particular, but not Ihnited to, with restriction 
endomicleases. 

In the second step of the method, the genomic DNA sample is treated in such a manner that 
cytosine bases which are umnethylated at the 5'-position are converted to uracil, thymine, or 
another base which is dissimilar to cytosine in terms of hybridisation behaviour. This will be 
understood as "pretreatment" or "chemical pretreatment" hereinafter. 

The above described treatment of genomic DNA is preferably carried out with bisulfite (sul- 
fite, disulfite) and subsequent alkalme hydrolysis which results in a conversion of non- 
methylated cytosine nucleobases to uracil or to another base which is dissimilar to cytosme m 
terms of base pairing behaviour. If bisulfite solution is used for the reaction, then an addition 
takes place at the non-methylated cytosme bases. Moreover, a denaturating reagent or solvent 
as well as a radical interceptor must be present A subsequent alkaline hydrolysis then gives 
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rise to the conversion of non-methylated cytosine nucleobases to nracU. The converted DNA 
is then used for the detection of methylated cytosines. 

Fragments (e.g. fragments comprising preferably about 100 bp or most preferably at least 90 
bp) of the pretreated DNA are amplified, using sets of primer oUgonucleotides, and a prefera- 
bly heat-stable, polymerase. Because of statistical and practical considerations, preferably 
more than six different fragments having a length of 100 - 2000 base pairs (bp) are amplified. 
However, fragments of at least 50 bp may be ampUfied. The ampUfication of several DNA 
segments can be carried out simultaneously in one and the same reaction vessel. UsuaUy. the 
ampUfication is carried out by means of a polymerase chain reaction (PGR). 

The design of such primers is known to one skilled in the art These should include at least 
two oUgonucleotides whose sequences are each reverse con«>lementary or identical to an at 
least 18 base-pair long segment of the foUowing base sequences specified in the appendix: 
SEQ ID NO 6 to 26. Said primer oUgonucleotides are preferably characterised in that they do 
not contain any CpG dinucleotides. In a particularly preferred embodiment of the method, the 
sequence of said primer oUgonucleotides are designed so as to selectively amieal to and am- 
pUfy. only the breast ceU specific DNA of interest, thereby minimising the ampUfication of 
background or non relevant DNA. In the context of the present invention, background DNA is 
taken to mean genomic DNA which does not have a relevant tissue specific methylation pat- 
tern, in this case, the relevant tissue being breast tissues. 

According to the present invention, it is preferred that at least one primer oUgonucleotide is 
bound to a soUd phase during ampUfication. Tlie different oUgonucleotide and/or PNA- 
oligomer sequences can be arranged on a plane soUd phase in the form of a rectangular or 
hexagonal lattice, the soUd phase surfece preferably being composed of siUcon. glass, poly- 
styrene, aluminium, steel, iron, copper, nickel. sUver, or gold, it bemg possfele for other mate- 
rials such as nitrocellulose or plastics to be used as weU. 

The fragments obtained by means of the ampUfication may carry a directly or indirectly de- 
tectable label. Preferred are labels in tixe form of fluorescence labels, radionucUdes, or detach- 
able molecule fragments havmg a typical mass which can be detected in a mass spectrometer, 
it being preferred that the fragments tiiat are produced have a smgle positive or negative net 
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charge for better detectability in the mass spectrometer. The detection may be carried out and 
visuaUsed by means of matrix assisted laser desorption/ionisation mass spectrometry 
(MALDI) or using electron spray mass spectrometry (EST). 

m the next step the nucleic acid anq)lificates are analysed in order to determine the methyla- 
tion status of the genomic DNA prior to treatment 

The post treatment analysis of the nucleic acids may be carried out using alternative methods. 
Several methods for the methylation status specific analysis of the treated nucleic acids are 
described below, other alternative methods will be obvious to one skilled in the art 

The analysis maybe carried out during Ihe ampUfication step of the method. In one such em- 
bodiment the melhylation status of preselected CpG positions within the genes ESRl, APC, 
HSD174B4, HICl and RASSFl A and/or Iheir regulatory regions may be detected by use of 
methylation specific primer oUgonucleotides. The temi (Methylation-specific PGR) 

refers to the art-recognized methylation assay described by Herman et al. Proc. Natl Acad. 
Set USA 93:9821-9826, 1996. and also disclosed in US Patents No. 5.786,146 and No. 
6,265,171. The use of methylation status specific primers for the ampUfication of bisulphite 
treated DNA allows the differentiation between methylated and unmelhylated nucleic acids. 
MSP primers pairs contain at least one primer which hybridises to a bisulphite treated CpG 
dinucleotide. Therefore the sequence of said primers comprises at least one CG, TG or CA 
dinucleotide. MSP primers specific for non methylated DNA contain a T' at the 3' position of 
the C position in the CpG. According to liie present invention, it is therefore preferred that the 
base sequence of said primers is required to comprise a sequence having a length of at least 
10 nucleotides which hybridises to a pretreated nucleic acid sequence accordmg to SEQ ID 
NOs.: 6 to 26 and sequences con5>lementary thereto wherein the base sequence of said oU- 
gomers comprises at least one CG, TG or CA dinucleotide. 

In one embodhnent of the method the methylation status of the CpG positions may be deter- 
nuned by means of hybridisation analysis. In this embodiment of the method the amplificates 
obtained in the second step of Hie method are hybridised to an array or a set of oUgonucleo- 
tides and/or PNA probes, hi this context, the hybridisation takes place in the manner de- 
scribed as foUows. The set of probes used during the hybridisation is preferably composed of 



wo 2005/040421 



PCT/EP2004/011577 



-18- 

at least 4 oUgonucleotides or PNA-oligomers. In the process, the ampUficates serve as probes 
which hybridise to oUgonucleotides previously bonded to a soUd phase. The non-hybridised 
fragments are subsequently removed Said oHgonucleotides contain at least one base sequence 
having a length of 10 nucleotides which is reverse conq)lementary or identical to a segment of 
the base sequences specified in the appendix, the segment containing at least one CpG or TpG 
dinucleotide. In a further preferred embodiment the cytosine of the CpG dinucleotide, or in 
the case of TpG, the thiamine, is the 5^ to 9^^ nucleotide from the 5'-end of the 10-mer. One 
oUgonucleotide exists for each CpG or TpG dinucleotide. 

The non-hybridised amplificates are then removed. In the final step of the method, the hybrid- 
ised amplificates are detected. In this context, it is preferred that labels attached to the ampU- 
ficates are identifiable at each position of the soUd phase at which an oUgonucleotide se- 
quence is located. 

In a preferred embodiment of the method the melhylation status of the CpG positions may be 
determined by means of oUgonucleotide probes that are hybridised to the treated DNA con- 
currendy with the PCR amplification primers (wherein said primers may either be methyla- 
tion specific or standard). 

A particularly preferred embodiment of this method is the use of fluorescence-based Real 
Time Quantitative PCR (Held et al.. Genome Res. 6:986-994, 1996) employing a dual- 
labeUed fluorescent oUgonucleotide probe (TaqMan™ PCR, using an ABI Prism 7700 Se- 
quence Detection System, Perkin Ehner AppUed Biosystems, Foster City, CaUfomia). The 
TaqMan™ PCR reaction enq)loys the use of a nonextendible interrogating oUgonucleotide, 
caUed a TaqMan™ probe, which is designed to hybridise to a GpC-rich sequence located be- 
tween the forward and reverse ampUfication primers. Ite TaqMan™ probe fin^her comprises 
a fluorescent "reporter moiety" and a "quencher moiety" covalentiy bound to Unker moieties 
(e.g., phosphoramidites) attached to the nucleotides of the TaqMan™ oUgonucleotide. For 
analysis of methylation within nucleic acids subsequent to bisulphite freatinent it is required 
tiiat the probe be melhylation specific, as described in U.S. 6.331,393, also known as the 
Metiiyl light assay. Variations on the TaqMan™ detection methodology that are also suitable 
for use with the described invention include the use of dual probe technology (Lightcycler™) 
or fluorescent ampUfication primers (Sunrise™ technology). Both these techniques may be 
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adapted in a mamer suitable for iise with bisulphite treated DNA, and moreover for methyla- 
tion analysis within CpQ dinucleotides. 

A further suitable method for the use of probe oUgonucleotides for the assessment of melhyla- 
tion by analysis of bisulphite treated nucleic acids is the use of blocker oUgonucleotides. The 
use of such oUgonucleotides has been described by D. Yu, M. Mukai. Q. Uu, C. Steinman in 
BioTechniques 23(4), 1997, 714-720. Blocking probe oUgonucleotides are hybridised to the 
bisulphite treated nucleic acid concurrently with the PGR primers. PGR ampUfication of the 
nucleic acid is terminated at the 5' position of the blocking probe, thereby ampUfication of a 
nucleic acid is suppressed wherein the complementary sequence to the blocking probe is pre- 
sent The probes may be designed to hybridise to the bisulphite treated nucleic acid in a me- 
thylation status specific manner. For example, for detection of methylated nucleic acids 
withb a population of unmethylated nucleic acids suppression of the ampUfication of nucleic 
acids which are umnethylated at the position in question would be carried out by the use of 
blocking probes comprising a 'GG' at the position in question, as opposed to a 'CA'. 

For PGR methods usmg blocker oUgonucleotides, efficient disruption of polymerase-mediated 
ampUfication requires that blocker oUgonucleotides not be elongated by the polymerase. Pref- 
erably, this is achieved through the use of blockers that are 3'-deoxyoUgonucleotides, or oU- 
gonucleotides derivatised at the 3' position with other than a "firee" hydroxyl group. For ex- 
ample, 3'-0-acetyl oUgonucleotides are representative of a preferred class of blocker mole- 
cule. 

AdditionaUy, polytnerase-mediated decomposition of the blocker oUgonucleotides should be 
precluded. Preferably, such preclusion con^mses either use of a polymerase lacking 5'-3' 
exonuclease activity, or use of modified blocker oUgonucleotides havmg. for example, thioate 
bridges at the 5'-tennimi thereof that render the blocker molecule nuclease-resistant Particu- 
lar appUcations may not require such 5' modifications of the blocker. For example, if the 
blocker- and primer-bmding sites overlap, thereby precluding binding of the primer (eg., with 
excess blocker), degradation of the blocker oUgonucleotide wUl be substantiaUy precluded. 
This is because the polymerase wiU not extend the primer toward, and through (in the 5'-3' 
direction) the blocker - a process that normaUy results in degradation of the hybridized 
blocker oligonucleotide. 
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A particularly preferred blocker/PCR embodimeat. for purposes of the present invention and 
as implemented herein, comprises the use of peptide nucleic acid (PNA) oUgomers as block- 
ing oUgonucleotides. Such PNA blocker oUgomers are ideally suited, because they are neither 
decomposed nor extended by the polymerase. 

Preferably, therefore, the base sequence of said blocking oUgonucleotides is required to com- 
prise a sequence having a length of at least 9 nucleotides which hybridises to a pretreated nu- 
cleic acid sequence according to one of SEQ ID NOs: 6 to 26 and sequences complementary 
thereto, wherein the base sequence of said oligonucleotides con^rises at least one CpG, TpG 
or CpA dinucleotide. 

m a further preferred embodiment of the method the determination of the methylation status 
of the CpG positions is carried out by the use of template directed oUgonucleotide extension, 
such as MS SNuPE as described by Gonzalgo and Jones (Nucleic Acids Res. 25:2529-2531). 

In a furlher embodiment of the method the determination of the methylation status of the CpG 
positions is enabled by sequencing and subsequent sequence analysis of the ampUficate gen- 
erated in the second step of the method (Sanger F.. et al.. 1977 PNAS USA 74: 5463-5467). 

Ihte method according to the invention may be enabled by any combination of the above 
means. In a particularly preferred mode of the invention the use of real time detection probes 
is concurrently combined with MSP and/or blocker oUgonucleotides. 

A further embodhnent of the invention is a method for the analysis of the methylation status 
of genomic DNA without the need for pretreatment In the first and second steps of the 
method the genomic DNA sample must be obtained and isolated fix)m tissue or cellular 
sources. Such sources may mclude ceU Unes. histological sUdes. biopsies, tissue embedded in 
paraffin, breast tissues, blood, plasma, lymphatic fluid, lymphatic tissue, duct cells, ductal 
. lavage fluid, nipple aspiration fluid and combinations thereof. Extraction may be by means 
that are standard to one skiUed in the art, these include the use of detergent lysates, sonifica- 
tion and vortexing with glass beads. Once the nucleic acids have been extracted the genomic 
double stranded DNA is used in the analysis. 
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In a preferred embodiment Ihe DNA may be cleaved prior to the treatment, this may be by 
any means standard in the state of the art, in particular with restriction endonucleases. In the 
third step, the DNA is then digested willi one or more methylation sensitive restriction en- 
zymes. The digestion is carried out such that hydrolysis of the DNA at the restriction site is 
infonnative of the methylation status of a specific CpG dinucleotide. 

In a preferred embodiment the restriction fragments are ampUfied. In a further preferred em- 
bodiment this is carried out using the polymerase chain reaction. 

In the final step the amplificates are detected. The detection may be by any means standard in 
the art. for example, but not limited to, gel electrophoresis analysis, hybridisation analysis, 
incorporation of detectable tags within the PGR products, DNA array analysis, MALDI or 
ESI analysis. 

The aforementioned method is preferably used for ascertaining genetic and'or epigenetic pa- 
rameters of genomic DNA. 

In order to further enable this method, the invention further provides the modified DNA of 
one or a combination of genes taken from the group ESRl. APC, HSD174B4, HICl and 
RASSFIA as well as oligonucleotides and/or PNA-oligomers for detecting cytosine methyla- 
tions within said genes. The present invention is based on the discovery that genetic and epi- 
genetic parameters and, in particular, the cytosine methylation patterns of said genomic DNAs 
are particularly suitable for improved treatment and monitoring of breast ceU proliferative 
disorders as well as for the monitoring of a treatment success or treatment failure of said dis- 
orders, for example the treatment with tamoxifen. As shown in the appended examples, the 
present invention is particularly useful in a method for determining the prognosis of a subject 
with a cell proliferative disorder of the breast tissues and the corresponding selection of a 
suitable treatment regime. 

For example, the monitoring of the methylation status of RASSFIA in a treatment regime 
with tamoxifen allows for a determination whether said treatment regime is fruitful. As shown 
in the examples, detection of the RASSFl A-RNA methylation status in, e.g. serum, after a 
certain period of adjuvant treatment with tamoxifen (or other anti-estrogens) permits the de- 
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tennination/progaosis whetiier said patient needs further treatment, for example with other 
therapies, m particular other drugs, medicaments or substances, like aromatase inhibitors. The 
methods provided herein are also useful in the detection of circulating tamoxifen-resistant 
cells, for example in blood, serum or NAF. 

The nucleic acids according to the present invention can be used for the analysis of genetic 
and/or epigenetic parameters of genomic DNA. 

In anoflier aspect of the present invention, the object of the present invention is achieved us- 
ing a nucleic acid containing a sequence of at least 18 bases in length of the pretreated ge- 
nomic DNA according to one of SEQ ID NOs: 6 to 25 and sequences complementary thereto. 

The modified nucleic acids could heretofore not be connected with the ascertainment of dis- 
ease relevant genetic and epigenetic parametCTS. 

The object of the present invention is further achieved by an oUgonucleotide or oUgbmer for 
the analysis of pretreated DNA, for detecting the genomic cytosine methylation state, said 
oUgonucleotide containing at least one base sequence having a length of at least 10 nucleo- 
tides wMch hybridises to a pretreated genomib DNA according to SEQ ID Nos: 6 to 26. The 
oligomer probes according to the present invention constitute important and effective tools 
which, for the first time, make it possible to ascertain specific genetic and epigenetic parame- 
ters during the analysis of biological samples for features associated with a patient's response 
to endocrine treatment Said oligonucleotides allow the improved treatment and monitoring of 
breast cell proUferative disorders. The base sequence of the oligomers preferably contains at 
least one CpG or TpG dmucleotide. The probes may also exist m the form of a PNA (peptide 
nucleic acid) which has particularly preferred pairing properties. Particularly preferred are 
oligonucleotides according to Ihe present invention in which the cytosine of the CpG dinu- 
cleotide is within the middle third of said oUgonucleotide e.g. the 5^^ - 9^ nucleotide firom 
the 5»-end of a 13-mer oligonucleotide; or in the case of PNA-oUgomers, it is preferred for the 
cytosine of the CpG dinucleotide to be the 4^^ - 6*11 nucleotide firom the 5'-end of the 9-mer. 
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The oUgpmers according to the present invention are normaUy used in so caUed "sets" which 
contain at least two oUgomers and iq) to one oUgomer for each of the CpG dinucleotides 
within SEQ ID NOs: 6 to 26. 

hi the case of the sets of oUgonucleotides according to the present invention, it is preferred 
that at least one oHgonucleotide is bound to a soM phase. It is further preferred that all the 
oUgonucleotides of one set are bound to a solid phase. 

The present invention further relates to a set of at least 2 n (oligonucleotides and/or PNA- 
oUgomers) used for detecting tiie cytosine methylation state of genomic DNA. by analysis of 
said sequence or treated versions of said sequence (of tiie genes ESRl, APC, HSD174B4, 
HICl and RASSFl A, as detailed in the sequence Usting and Table 1) and sequences comple- 
mentary thereto). These probes enable mq>roved treatment and monitoring of breast ceU pro- 
liferative disorders. 

The set of oUgomers may also be used for detecting single nucleotide polymorphisms (SNPs) 
by analysis of said sequence or treated versions of said sequence of the genes ESRl, APC. 
HSD174B4, HICl and RASSFIA . 

It will be obvious to one skiUed in the art that the method accordmg to the invention will be 
improved and supplemented by tiie incorporation of markers and clinical indicators known in 
the state of the art and currentiy used as diagnostic or prognostic markers. More preferably 
said markers mclude node statiis, age. menopausal status, grade, estrogen and progesterone 
receptors. 

The genes ttiat form the basis of the present mvention may be used to form a "gene panel", i.e. 
a coUection comprismg tiie particular genetic sequences of tiie present invention and/or tiieir 
respective informative mettiylation sites. The formation of gene panels allows for a quick and 
specific analysis of specific aspects of breast cancer treatinent The gene panel(s) as described 
and employed in this invention can be used witii surprisingly high efficiency for tiie tceatonent 
of breast cell proUferative disorders by prediction of tiie outcome of tieatinent witii a tiier^y 
comprising one or more drugs which target tiie estiogen receptor pathway or are involved m 
estrogen metaboUsm, production, or secretion. The analysis of each gene of tiie panel contiib- 
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Utes to the evaluation of patient responsiveness, however, in a less prefered embodiment the 
patient evaluation may be achieved by analysis of only a single gene. The analysis of a single 
member of the 'gene panel* wonld enable a che^ but less accurate means of evaluating pa- 
tient responsiveness, the analysis of multiple members of the panel would provide a rather 
more expensive means of carrying out llie meUiod, but with a higher accuracy (the technically 
preferred solution). 

According to the present invention, it is preferred that an arrangement of different oUgonu- 
cleotides and/or PNA-oligomers (a so-called "array) made available by tiie present invention 
is present in a manner tiiat it is likewise bound to a solid phase. This array of different oU- 
gonucleotide- and/or PNA-oUgomer sequences can be characterised in tiiat it is arranged on 
the soUd phase in the form of a rectangular or hexagonal lattice. The soUd phase surface is 
preferably composed of siHcon. glass, polystyrene, aluminium, steel, iron, copper, nickel, sil- 
ver, or gold. However, nitrocellulose as well as plastics such as nylon which can exist in tiie 
form of peUets or also as resin matrices are suitable alternatives. 

Therefore, a further subject matter of the present invention is a metiiod for manufecturing an 
array fixed to a carrier material for tiie improved treatment and monitoring of breast cell pro- 
liferative disorders. In said method at least one oligomer according to tiie present invention is 
coupled to a soUd phase. Metiiods for manufacturing such arrays are kaown, for example, 
from US Patent 5,744,305 by means of soM-phase chemistry and photolabile protecting 
groups. 

A further subject matter of tiie present invention relates to a DNA chip for tiie improved 
treatinent and monitoring of breast cell proliferative disorders. The DNA chip contains at least 
one nucleic acid according to tiie present invention. DNA chips are known, for exanq)le. in 
US Patent 5,837,832. 

Moreover, a subject matter of tiie present invention is a kit which may be composed, for ex- 
ample, of a bisulfite-containing reagent, a set of primer oUgonucleotides containing at least 
■ two oUgonucleotides whose sequences in each case correspond to or are complementary to a 
18 base long segment of flie base sequences specified in SEQ ID NOs: 6 to 26 and/or PNA- 
oUgomers as well as instructions for carrying out and evaluating tiie described metiiod. 
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m a forther preferred embodiment said kit may further comprise standard reagents for per- 
forming a CpG position specific methylation analysis wherein said analysis comprises one or 
more of the following techniques: MS-SNuPE. MSP. Methyl Ught, Heavy Methyl, and nu- 
cleic acid sequencing. However, a kit along the lines of Ihe present invention can also contain 
only part of the aforementioned components. 

Typical reagents ie.g., as might be found in a typical MethyLight®.based kit) for Me- 
thyLight® analysis may include, but are not limited to: PGR primers for specific gene (or 
melhylation-altered DNA sequence or CpG island); TaqMan® probes; optimized PGR buffers 
and deoxynucleotides; and Taq polymerase. 

Typical reagents (e.g.. as might be found in a typical Ms-SNuPE-based kit) for Ms-SNuPE 
analysis may include, but are not limited to: PGR pruners for specific gene (or metiiylation- 
altered DNA sequence or GpG island); optimized PGR buffers and deoxynucleotides; gel ex- 
traction kit; positive control primers; Ms-SNuPE primers for specific gene; reaction buffer 
(for the Ms-SNuPE reaction); and radioactive nucleotides. Additionally, bisulfite conversion 
reagents may include: DNA denatumlion buffer; sulfonation buffer; DNA recovery regents or 
kit (e.g., precipitation, ultrafiltration. aflSnity column); desulfonation buffer; and DNA recov- 
ery components. 

Typical reagents {eg., as might be found in a typical MSP-based kit) for MSP analysis may 
include, but are not limited to: meHiylated and unmeliiylated PGR primers for specific gene 
(or methylation-altered DNA sequence or GpG island), optimized PGR buffers and deoxynu- 
cleotides, and specific probes. 

The oUgomers according to the present invention or arrays thereof as well as a kit according 
to the present invention are intended to be used for. e.g.. the improved treatment monitoring 
of breast cell proUferative disorders and/or the monitoring of the treatment success of said 
breast cell proUferative disorders. According to the present invention, the method is prefera- 
bly used for the analysis of important genetic and/or epigenetic parameters within genomic 
DNA. in particular for use in improved tireatinent and monitoring of breast cell proUferative 
disorders. 
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The methods according to the present invention are nsed, for improved detection, treatment 
and monitoring of breast ceU proliferative disorder. 

The present invention moreover relates to Hie diagnosis and/or prognosis of events which are 
disadvantageous or relevant to patients or individuals in which important genetic and/or epi- 
genetic parameters within genomic DNA, said parameters obtained by means of the present 
invention may be con^ared to another set of genetic and/or epigenetic parameters, the differ- 
ences serving as Ihe basis for the diagnosis and/or prognosis of events which are disadvanta- 
geous or relevant to patients or individuals. 

In the context of the present invention the term "hybridisation" is to be understood as a bond 
of an oUgonucleotide to a completely con^lementary sequence along the lines of the Watson- 
Crick base pairings in the sample DNA, forming a duplex, structure. 

In the context of the present invention, "genetic parameters" are mutations and polymor- 
phisms of genomic DNA and sequences further required for their regulation. To be designated 
as mutations are, in particular, insertions, deletions, point mutations, inversions and polymor- 
phisms and, particularly preferred, SNPs (single nucleotide polymorphisms). 

In the context of the present invention the term "methylation state" is taken to mean the de- 
gree of methylation present in a nucleic acid of interest, this may be expressed in absolute or 
relative temis i.e. as a percentage or other numerical value or by comparison to another tissue 
and therein described as hypermethyiaied. hypomelhylated or as having significantly similar 
or identical methylation status. 

In the context of tiie present invention the term "regulatory region" of a gene is taken to mean 
nucleotide sequences which affect the expression of a gene. Said regulatory regions may be 
located within, proximal or distal to said gene. Said regulatory regions include but are not 
limited to constitutive promoters, tissue-specific promoters, developmental-specific promot- 
ers, inducible promoters and tiie like. Promoter regulatory elements may also include certain 
. enhancer sequence elements that control transcriptional or translational efficiency of the gene. 
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In the context of the present invention the tenn "chemotherapy" is taken to mean the use of 
drugs or chemical substances to treat cancer. This definition includes radiation therapy 
(treatment with high energy rays or particles), hormone as weU as antihormone therapy 
(treatment with hormones or hormone analogues (synthetic substitutes) and surgical treat- 
ment Accordingly, the invention also provides for a method for the monitoring of a treatment 
success or a potential treatment success with drugs, radiation or chemical substances to treat 
cancer. Said treatment protocols and/or regimes comprise, but are not Umited to hormo- 
nal/antihormonal therapies (e.g. tamoxifen therapies), radiation ther^ies, antibody therapies 
(e.g. Herceptin® therapies), chemotherapies (e.g. with ceU division/cell cycle inhibitors, Uke 
taxol and/or other taxol derivatives) and/or adjuvant therapies (like tiierapies employing aro- 
matase inhibitors). The treatment protocols and method for monitoring also comprises, in ac- 
cordance with this invention, the monitoring of chemopreventive strategies (hke chemppre- 
vention with, e.g. tamoxifen, aromatase inhibitors or other chemopreventive drugs). 

As documented in the appended examples, in particular the measurement/detection of the me- 
Ihylation status of RASSFl A is particular useful in the determination of a treatment prognosis 
and/or a treatment success with hormonal/antihormonal Iher^ies. in particular in a tamoxifen 
therapy. As known in the art, tamoxifen is a selective estsrogen receptor modulator with anti- 
estrogenic activity in the breast and estrogenic-like activity in the endometrium, bone and 
hpidmetaboUsm; see, e.g. Baselga (2002), Cancer CeU 1, 319-322. 

In the context of the present invention, "epigenetic parameters" are. in particular, cytosine 
metiiylations and fiirther modifications of DNA bases of genomic DNA and sequences further 
required for Iheir regulation. Further epigenetic parameters include, for example, the acetyla- 
tion of histones which, cannot be directly analysed using the described metiiod but which, in 
turn, correlates with the DNA mefhylation, 

m tiie following, the present invention will be e3q?lained in greater detail on the basis of the 
sequences, figures and examples without being limited thereto. 

Figure 1 shows the Kaplan-Meier estimated overall survival curves for the gene APC, for a 
set of 86 breast cancer patients. The dotted line (upper curve) shows unmetiiylated samples 
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whereas the unbroken line Cower curve) shows methylated samples. The x-axis shows the 
number of years, and the Y-axis shows the proportion of the group. 

Figure 2 shows the Kaplan-Meier estimated overall survival curves for the gene RASSFIA, 
for a set of 86 breast cancer patients. Hie dotted line (upper curve) shows umnethylated sam- 
ples whereas the unbroken line Oower curve) shows methylated samples. The x-axis shows 
the number of years, and the Y-axis shows the proportion of the group. 

Figure 3 shows the combined Kaplan-Meier estimated overall survival curves for the genes 
APC and/or RASSFIA, for a set of 86 breast cancer patients. The dotted line (upper curve) 
shows umnethylated samples whereas the unbroken line (lower curve) shows methylated 
samples. ITie x-axis shows the number of years, and the Y-axis shows the proportion of the 
group. 

Figure 4. RASSFIA methylation in microdissected cells. 

(a) Tumor and non-neoplastic epitheUal ceUs before and after microdissection. Original magni- 
fication, X 40. (b) Overview of RASSFIA methylation status m tumor and non-neoplastic tissue. 
+, PMR value > 0; -, PMR value =0; n-d. not determined, because no DNA could be extracted. 

Figure 5. Survival and changes in RASSFIA DNA methylation status, (a) Relapse-firee and (b) 
overall survival according to RASSFIA mefliylation status in serum that switched firom positive 
to negative, stayed always negative or was finally positive after one year of tamoxifen treat- 
ment. (c) Characteristics of those patients according to the RASSFIA methylation status. 

Figure 6 Overall survival depending on CA153 level in sera collected immediately before 
■ diagnosis of relapse 

Figure 7 Overall survival depending on the number of locations of metastasis 



Figure 8 Overall survival depending on RASSFIA DNA methylation status in sera 
immediately before diagnosis of relapse. 
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SEQ ID NOs: 1 to 5 represent 5' and/or regulatory regions and/or CpG rich regions of the 
genes according to Table 1. These sequences are derived ftom Genbank and will be taken to 
include all minor variations of the sequence material which are currently unforeseen, for ex- 
ample, but not limited to, minor deletions and SNPs. 

SEQ ID NOs: 6 to 26 exhibit the pretreated sequence of DNA derived from the genomic se- 
quence according to Table 1. These sequences will be taken to include all minor variations of 
the sequence material which are currently unforeseen, for example, but not limited to, minor 
deletions and SNPs. 

SEQ ID NOs. 27 to 31: Primer and probe sequences for ACTB were 5'- 
TGGTGATGGAGGAGGTTTAGTAAGT-3 '(forward primer; SEQ ID NO: 26), 5'- 
AACCAATAAAACCTACTCCTCCCTTAA-B' (reverse primer; SEQ ID NO: 27) and 5'- 
FAM-ACCACCACCCAACACACAATAACAAACACA-BHQl-3 '(probe; SEQ ID NO: 28), 
for methylated RASSFIA 5'-ATTGAGTTGCGGGAGTTGGT-3' (forward primer; SEQ ID 
NO: 29), 5'-ACACGCTCCAACCGAATACG-3' (reverse primer; SEQ ID NO: 30) and 5'- 
FAM-CCCTTCCCAACGCGCCCA-BHQl-3 '(probe; SEQ ID NO: 31). 

Examples 

Example 1: Gene identification and assessment 

Using MethyLight, a hi^-throughput DNA methylation assay, the inventors analysed 39 
genes in a gene evaluation set, consisting of ten sera from metastasised patients, 26 patients 
with primary breast cancer and ten control patients. In order to determine the prognostic value 
of genes identified within the gene evaluation set, the inventors finally analysed pretreatment 
sera of 24 patients having had no adjuvant treatment (training set) to determine their prognos- 
tic value. An independent test set consisting of 62 patients was then used to test the vafidity of 
genes and combinations of genes, which in the training set were found to be good prognostic 
markers. 

In the gene evaluation set the inventors identified five genes (ESRl, APC, HSD17B4, HICl 
and RASSFIA). In the training set, patients with methylated serum DNA for RASSFIA' 
and/or APC had the worst prognosis (p < 0.001). This finding was confirmed by analysing 
serum sanq)les from the mdependent test set (p = 0.007). When analysing all 86 investigated 
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patients, multivariate analysis showed methylated RASSFl A and/or APC serum DNA to be 
independently associated with poor outcome, with a relative risk for death of 5.7. DNA me- 
thylation of particular genes in prether^eutic sera of breast cancer patients, especially of 
RASSFl A/APC, is more powerful than standard prognostic parameters. 

The gene evaluation set consisted of patients with recurrent disease (n=10; sera obtained at 
diagnosis of metastasis in the bone, lung, brain or liver) and pretherapeutic sera of recently 
diagnosed primary breast cancer patients (n=26; age range: 36.1 yrs to 83.9 yrs. (mean: 59.3 
yrs.); two, 18 and six patients had pTl, pT2 and pT3 cancers, respectively; 15, ten and one 
patients had lymph node-negative, - positive and unknown disease, respectively) and normal 
controls (n=10; age range: 20.5 to 71.5 yrs. (mean: 44.6 yrs.); all underwent a core biopsy and 
were confirmed to have benign disease of the breast). 

To assess prognostic significance the inventors used prether^eutic sera in independent train- 
ing (n=24) and test (n=62) sets consisting of patients who did not receive any adjuvant treat- 
ment after surgery. 

Systemic adjuvant therapy was either not necessary or the patients were not eligible or refiised 
any further treatment The primary surgical procedure mcluded breast-conserving lumpec- 
tomy or modified radical mastectomy and axillary lymph node dissection. Median age of the 
study population was 60 years (range, 28 to 86 yrs.). After a median follow-up of 3.7 yrs. 
(range: one month to 12.2 yrs.) 17 of the 86 patients (20 %) had died Distribution of aberrant 
serum DNA methylation of the 86 patients and association with clinical and histopathological 
characteristics are shown in Table 2. 

Patients' blood samples were drawn prior to therapeutic intervention. The blood was centri- 
fiiged at 2000 g for 10 min at room temperature, and 1 mL aliquots of serum samples were 
stored at -30^C. Genomic DNA firom serum samples was isolated using the High Pure Viral 
Nucleic Acid Kit (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's 
protocol with some modifications for multiple loading of the DNA extraction coltmms to gain 
a sufficient amount of DNA Thus, 4 x 200]xl of a serum sample were each mixed with 200}il 
of working solution (binding buffer supplemented with polyA carrier RNA) and 50\xl pro- 
teinase K [18 mg/ml] and mcubated for 10 minutes at 72°C. After adding lOOjil isopropanol 
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the solution was mixed, loaded onto the extraction column and centrifuged for 1 minute at 
8000g. The flow-through was pipetted back into the same colunm reservoir and centrifuged a 
second time. This procedure was repeated four times for each serum sample. After these 
•'pooling steps" the DNA isolation was processed as described in the manufacturer's protocol. 
For DNA elution 55iil of AE-buffer (Quiagen, CA, USA) were added, incubated for 20 man at 
45°C and centrifuged for three minutes at 12.000g. For both, normal sera and cancer sera 
analysis the same amoimt of serum for DNA extraction was used. 

Sodium bisulfite conversion of genomic DNA was performed as described previously (Bads 
et al.: MethyLight: a high-throughput assay to measure DNA methylation. Nucleic Acids 
Res., 28: E32, 2000). 

Sodium bisulfite-treated genonaic DNA was analysed by means of the MethyLight, a fluores- 
cence-based, real-time PGR assay, as described previously (Bads et al 2000, see above. Bads 
et al.: Epigenetic patterns in the progression of esophageal adenocarcinoma. Cancer Res., 61: 
3410-3418, 2001). Briefly, two sets of primers and probes, designed specifically for bisulfite- 
converted DNA, were used: a methylated set for the gene of interest and a reference set, fi- 
actin (ACTS), to noraialise for input DNA. Serum samples of patients with recurrent disease 
revealed the highest amount of B-actin, whereas no difference between fi-actin values firom 
serum samples of patients with primary breast cancer and sera of normal controls was ob- 
served. Specificity of the reactions for methylated DNA was confirmed separately using Sssl 
(New England Biolabs)-treated hxmian white blood cell DNA (heavily methylated). The per- 
centage of fully methylated molecules at a specific locus was calculated by dividing the 
GENEiACTB ratio of a sample by the GENEidCTB ratio of &5rl-treated white blood cell DNA 
and multiplying by 100. The abbreviatioii PMR (eercentage of fully methylated reference) 
indicates this measurement. For each MethyLight reaction 10|j1 of bisulfite-treated genomic 
DNA was used, 

A gene was deemed methyliated if the PMR value was > O. Primer and probes specific for 
methylated DNA and used for MethyLight reactions are Hsted ia Supplemental Data. 

The inventors used Pearsons Chi^ or - in the case of low firequencies per cell - Fisher's exact 
method to test associations between categorically clinicopathological features. The Mann- 
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Whitaey-U-Test was used to assess differences between non-parametric distributed variables. 
OveraU survival was calculated from the date of diagnosis of the primary tumour to the date 
of death or last follow-up. Overall survival curves were calculated with tiie BCaplan-Meier 
method. Univariate analysis of overall survival according to clinicopathological factors Oiisto- 
logical type, tumour stage, nodal status, grading, menopausal status, hormone receptor status 
(estrogen and/or progesterone receptor positivity), estrogen and progesterone receptor status) 
and gene methylation were performed vising a two-sided log-rank test 

Multivariate Cox proportional hazards analysis was used to estimate the prognostic effect of 
methylated genes. 

A p value < 0.05 was considered a statistically significant difference. All statistical analyses 
were performed usmg SPSS Software 10.0. 

The inventors initially investigated 39 genes in the sera, of ten patients with metastasised 
breast cancer for the presence of aberrant methylation. The 33 genes positive in the sera of the 
metastasised patients were furiher evaluated in an independent sanq>le set of prether^eutic 
sera of 26 patients with primary breast cancer and ten healthy controls. An overview of the 
frequency of methylation in the investigated serum samples is given in Table 3. The most 
appropriate genes for our faithev analyses were determined to be those that met one of the 
following criteria: (i) unmethylated in serum samples from healthy controls and > 10% me- 
thylated in serum samples from primary breast cancer patients, or (ii) ^ 10% methylated in 
serum san5)les from healthy controls and >20% methylated in serum samples from primary 
breast cancer patients. A total of five genes, namely ESRl, APC, HSD17B4, HICl and 
RASSFIA, met at least one of these criteria (Table 3). 

Pre-treatment serum samples from patients included in the training set were used to evaluate 
the prognostic value of the methylation status of these five genes. In this training set the m- 
ventors identified ESRl, APC or RASSFIA methylation in primary breast cancer patients' 
sera to be markers of poor prognosis, whereas HSD17B4 reached only borderline significance 
and aberrant methylation of HICl showed no significant results (Table 4). Furthermore, vari- 
ous conobinations of the investigated genes were analyzed- Patients were classified as methy- 
lation-positive if at least one of the genes included in the combination showed aberrant me- 
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Ihylation. Patients with methylated serum DNA for RASSFIA and/or APC had the worst 
prognosis (P < 0.001). even worse than when each gene was analysed individually (Table 4). 

The highly significant prognostic value for APC and/or RASSFIA methylation in serum sam- 
ples from breast cancer patients was confirmed by analysing the test set (P = 0.007, log rank 
test). ESRl and APC methylation as single genes or Ihe combinations ESRI/RASSFIA and 
ESRl/APC no longer had prognostic significance (Table 4). 

Combined analysis of the training and test sets (n=86) showed correlation between ESRl and 
RASSFIA (P = 0.005) and between ESRl and APC (P = 0.031), whereas no correlation was 
observed between RASSFIA and APC. hi patients with advanced tumours RASSFIA and 
ESRl methylation and in patients with progesterone receptor-negative tumours APC methyla- 
tion was more prevalent in pretherapeutic sera, while no fiirther associations were seen be- 
tween clmicopatiiological features and DNA methylation of APC, ESRl or RASSFIA (Table 
5). RASSFIA methylation in pretiiers^eutic sera was more prevalent in older than in younger 
patients, whereas age had no effect on DNA methylation of ESRl or APC. 

Univariate analysis of all 86 investigated patients (training set plus test set) revealed prognos- 
tic significance for tumour size, lymph node metastases and methylation status of APC. 
RASSFIA and the combination of RASSFIA/APC (Table 6; Fig. 1). Due to tiie feet that 
ESRl meihylation correlates with APC as well as with RASSFIA methylation, the inventors 
did not test die triple combination m the univariate or die multivariate analyses of aU 86 pa- 
tients. 

The Cox multiple-regression analysis included tumour size, lymph node metastases, age and 
metiiylation status of the investigsted genes. Beside lymph node status, metiiylated RASSFIA 
and/or APC serum DNA was strongjly associated with poor outcome, with a relative risk for 
death of5.7 (Table 7). 

Prognosis in patients with newly diagnosed breast cancer is determined primarily by the pres- 
ence or absence of metastases in draining axillary lymph nodes. Nevertheless, tiie life- 
threatening event in breast cancer is not lymph node metastasis per se, but haematogenous 
metastases which mainly affect bone, Uver, lung and brain. The inventors therefore aimed to 
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develop a prognostic test that is sensitive for haemalogenous metastases and conld be per- 
formed in patients' preliierj^eutic serum. 

m recent years several studies have reported ceU-firee tumonr-specific DNA in serum/plasma 
of breast cancer patients at diagnosis. Aberrant methylation of sennn/plasma DNA of patients 
with various types of maUgnancies, including breast cancer, has been described (see above). 

In Ught of Ihese observations, the inventors examined Ihe methylation status of 39 genes, 
which, on the one hand, are known to be frequently methylated in breast cancer and other 
malignancies (Jones and Baylin: The fundamental role of epigenetic events in cancer. Nat. 
Rev. Genet., 3: 415-428, 2002; Widschwendter and Jones: DNA methylation and breast car- 
cinogenesis.' Oncogene, 21: 5462-5482, 2002) and, on the other hand, were reported to be 
abnomially regulated in tumours of patients with poor prognostic breast cancer (van't Veer et 
al.: Gene expression profiling predicts clinical outcome of breast cancer. Nature, 415: 530- 
536, 2002; van de Vijver et al.: A gene-expression signature as a predictor of survival in 
bre^t cancer. N. Engl. J. Med., 347: 1999-2009. 2002) Because levels of circulating DNA in 
metastasised patients are known to be higher (Leon et al.: Free DNA in ihe serum of cancer 
patients and the effect of Hierapy Cancer Res.. 37: 646-650. 1977) and because the loss of 
genetic heterogeneity of disseminated tumour cells with Ihe emergence of clinically evident 
metastasis was recently reported (Klein et al.: Genetic heterogeneity of single disseminated 
tumour cells in minimal residual cancer. Lancet, 360: 683-689, 2002), the inventors firstly 
investigated these 39 genes in ten sera of metastasised patients to determine the overaU preva- 
lence of methylation changes in breast cancer. As a next step the inventors analysed the 33 
genes that were positive in the metastasised patients, in the pre-treatment sera of 26 patients 
with primary breast cancer and in ten benign contix>ls in order to identify the most important 
genes for fijrther analysis. Eventually the inventors came up with five genes (ESRl. APC, 
HSD17B4, HICl and RASSFl A), which were primarily analysed in a group of 24 patients 
(training set). To confirm the significance of this result the inventors tested these genes in an 
independent set of 62 patients (test set). In order to ^ly the strictest criteria for testing the 
potential of a prognostic factor, the inventors investigated these markers in women, who had 
not undergone adjuvant systemic treatinent. DNA methylation of APC and RASSFIA in pre- 
lherq)eutic sera, both frequentiy methylated and abnormally regulated in human primary 
breast cancers (Dammann et al.: Hypermethylation of tiie cpG island of Ras association do- 
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main femily lA (RASSFIA). a putative tumor siq>pressor gene from the 3p21.3 locus, occurs 
in a large perceatage of human breast cancers. Cancer Res.. 61: 3105-3109, 2001; Virmani et 
al.: Aberrant methylation of the adenomatous polyposis coU (APC) gene promoter lA in 
breast and lung carcinomas! Clin. Cancer Res.. 7: 1998-2004. 2001). turned out to be a strong 
independent prognostic parameter. These genes are involved in pathways counteracting me- 
tastasis: mediation of intercellular adhesion, stabilisation ofthe cytoskeleton, regulation ofthe 
cell cycle and apoptosis (Feamhead et al.: The ABC of APC. Hum. Mol. Genet., 10: 721-733. 
2001; Dammann et al.: Epigenetic inactivation of the Ras-association domain femily 1 
(RASSFI A) gene and its function in human carcinogenesis. Histol. Histopathol., 18: 665-677, 
2003). Methylated DNA in patients' pretherapeutic serum coding for these two genes reflects 
poor prognosis. The source of the tumour-specific DNA and its definite role in metastasis 
remains elusive. Circulating tumour-specific altered genetic information may serve as a sur- 
rogate marker for circulating tumour cells that ultimately cause distant metastases. An altema- 
tive, but equally attractive, hypothesis is that circulating altered DNA per se may cause de 
novo development of tiimour cells in organs known to harbour breast cancer metastases. This 
so-called "Hypotiiesis of Genometastasis" suggests tiiat maUgnant tiansformation migiht de- 
velop as a result of transfection of susceptible cells in distant target organs with dominant 
oncogenes that circulate in the plasma and are derived &om the primary tumour. Interestingly, 
irrespective of tiie soijrce of DNA in tiie serum, it is noteworthy lhat some genes provide 
prognostic information when metiiylated in patients' sera, whereas genes like fflCl, which is 
metiiylated in about 40% and 90% of primary and metastasised breast cancer patients, respec- 
tively, but in only 10% of healtiiy individuals, are not at aU a prognostic parameter. 

Irrespective of tiie mechanistic role of metiiylated DNA witii regards to metastasis in breast 
cancer patients, tiiese epigenetic changes in serum have several advantages as indicators of 
poor prognosis as compared to currentiy used or stiidied prognostic parameters: DNA in se- 
rum is stable and can be analysed by a high-tiiroughput metiiod like MetiiyLight Conq)ared 
to bone marrow aspiration, a single blood dmw (which can be repeated any time tiiroughout 
tiie follow-up period) is sufficient The more screening mammogr^hies are performed, tiie 
more small cancers are treated and after histopatiiological examination no tumour material 
will remain to perform RNA- and/or protein-based assays for risk evaluation. This appHcation 
tiierefore demonstrates a useful and easy approach for risk assessment of breast cancer pa- 
tients. 
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Examfilel: Circulating tumor-spedflc DNA - a marlcer for monitoring efficacy of adju- 
vant therapy in cancer patients 

Adjuvant systemic therapy (a strategy that targets potential disseminated tumor cells after 
complete removal of the tumor) has clearly in^Mt>ved survival of cancer patients. Up to date 
no tool is available to monitor efficacy of these ther^ies, unless distant metastases arise, a 
situation that leads unavoidably to death. 

RASSFIA methylation is shown herein as a DNA-based marker for circulating breast cancer 
ceUs, in particular said presence of RASSFIA meHiylation in the great majority of mvasive 
breast cancer specimens, that are mainly observed in breast cancer cells but rarely in other 
compartments of the tumor or the remaining breast and since a low frequency of RASSFIA 
DNA methylation in pretherapeutic serum samples from non-breast cancer individuals is ob- 
served (1 1/154, 5/93 and 3/78 patients with benign conditions of tlie breast, primary cervical 
cancer or prostate cancer, respectively, had RASSFIA methylated). 

To assess the capabiUty whether this breast cancer-specific markers is able to monitor adju- 
vant treatment, we analyzed RASSFIA DNA methylation in pretherapeutic sera and serum 
san^les collected one year after surgery from 148 breast cancer patients who were receiving 
adjuvant tamoxifen. 19.6% and 22.3% of breast cancer patients showed RASSFIA DNA me- 
thylation in their pretherapeutic and one-year after serum samples, respectively. As docu- 
mented herein below RASSFIA methylation one year after primary surgery (and during adju- 
vant tamoxifen therapy) was an independent predictor of poor outcome, with a relative risk 
for relapse of 5.1 (1-3 - 19.8) and for death of 6.9 (1.9 - 25.9). 

Surprisingly, measurement of serum DNA methylation permits adjuvant systemic treatment to 
be monitored for efficacy: Disappearance of RASSFIA DNA methylation in serum throughout 
treatment with tamoxifen indicates a response, while persistence or new appearance means 
resistance to adjuvant tamoxifen treatment. 

Breast cancer is the most frequent malignancy among women in the industrialized world. Al- 
though the presence or absence of metastatic involvement in the axillary lymph nodes is the 
most powerfiil prognostic factor available for patients with primary breast cancer (Goldhirsch, 
(2001) J. Clin. Oncol. 19, 3817-3827), it is only an indirect measure reflecting the tumor's 
tendency to spread. About 75% of breast cancers are hormone-dependent, and the postopera- 
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tive adnniristration of tamoxifen reduces the risk of recurrence by 47 percent and reduces the 
risk of deathby 26 percent (Early Breast Cancer Trialists' Collaborative Group. (1998) Lancet 
351 1451-1467). Tamoxifen, which is both an antagonist and apartial agonist of the estrogen 
recJptor (Riggs. (2003). N. Engl. J. Med. 348. 618-629). is usually administered for five years 
to women wilix hormone-receptor-positive breast cancers to target disseminated tumor cells. 
Recent evidence from large trials demonstrates significant inq,rovement of disease-free sur- 
vival by administering letrozole or examestane. both aromatase inhibitors, after completing 
five or two to three years of standard tamoxifen treatment, respectively (Coombes. (2004) N. 
Engl J. Med. 350, 1081-1092; Goss, (2003) N. Engl. J. Med. 349. 1793-1802). However, the 
absolute benefits are limited: One event per year per 100 women treated can be reduced by 
letrozole. Not only did a large majority of these patients not profit from this secondary adju- 
vant treatment but they also experienced considerably high costs as well as toxic effects hke 
hot flashes, arthritis, arthralgia, and myalgia. Induction of osteoporosis by long-term admmi- 
stralion of aromatase inhibitors is an additional risk. For fixture secondary adjuvant treatment 
studies, a highly sensitive marker for tamoxifen-resistant circulating cells is urgentiy needed. 
Such a marker should preferably fixlfill certain requirements: (i) absence in non-breast cancer 
patients, (ii) easy availabiUty and measurabiHty in patients tiiroughout follow-up period witii- 
out discomfort or harm, (iii) poor prognostic parameter in non-systemicaUy treated patients, 
(iv) identification of patients during adjuvant treatment who are non-responsive to endocrme 
therapy used. 

As documented herein above APC and RASSFIA methylation in pre-tiierapeutic sera of breast 
cancer patients has high prognostic value. In particular. RASSFIA DNA metiiylation has 
herein above been shown to be a prognostic marker m patients who did not receive adjuvant 
therapy. 

Tlxe following experiments document/demonstrate that methylated RASSFIA DNA in serum 
is a surrogate marker for circulating breast cancer cells and tiiat tiiis cancer-specific DNA 
alteration allows monitoring of adjuvant ther^y in cancer patients: Dis^pearance of 
RASSFIA DNA metiiylation in serum throughout treatment with tamoxifen indicates a re- 
sponse, while persistence or new appearance means resistance tx, adjuvant tamoxifen treat- 
ment. 
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Material and Metibods 
Patients 

Pre- and postttierapeutic serum san^les of 148 breast cancer patients were studied. Serum 
samples fiom our serum bank were recruited from all patients diagnosed wiHi breast cancer 
between September 1992 and February 2002, who met all tbe following criteria: prmiary 
breast cancer without metastasis at diagnosis, tamoxifen treatment for a total of five years or 
•upon relapse, availability of serum samples before treatment and one year after treatment (a 
time when the patient has received at least six monthly adjuvant ti:eatinents with tamoxifen 20 
mg per day) and no relapse after one year. Patient characteristics are shown in Table 9. Pa- 
tients were 37 to 88 years old (median age at diagnosis, 62 years). After a median foUow-up 
(after the second serum draw) of 3.6 yrs. (range: 0.2 to 9.7 yrs.) and 4.0 yrs. (range: 0.5 to 
9 8yrs ) Seven (4.7%) and eight (5.4%) patients had relapsed or died, respectively. Through- 
out the entire observation period. 13 (8.80/0) and 15 (lO.P/o) patients rel^sed or died, resepec- 
tively. Homione receptor status was detemiined by either radioUgand binding assay or mmm- 
nohistochemistry. 

m addition, serum samples from 154 patients with benign condition of the breast, from 93 • 
patients witii cervical cancer and 78 patients with prostate cancer have been analyzed. 

Serum samples and DNA isolation 

Patients' blood samples were drawn prior to or one year after ther^eutic intervention, respec- 
tively. Blood was centrifixged at 2000 g for 10 min at room temperature, and 1 ml aliquots of 
serum samples were stored at -30°C. 

Genomic DNA from serum was isolated using a QIAmp tissue kit (Qiagen. Hilden, Gemiany) 
and the High Pure Viral Nucleic Acid Kit (Roche Diagnostics, Mam>heim, Germany), respec- 
tively, according to the manufacturers' protocol and some modifications described above. 

Laser-capture microdissection. 

•n.e PixCell n LCM System (Arcturus Engmeering, Mountain View, California) was used for 
LCM of paraffin-embedded tissues. 10-|xm-thick sections of 13 breast cancer patients with a 
ductal carcmoma in situ (DCIS) were used. For each analyzed fraction 1000 cells were "laser 
c^tured". DNA extraction was carried out using the Arctinrus Pico Pure DNA extraction Kit 
according to the manufacturers' instructions. 
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Analysis of DNAmethylaiion 

Sodium bisulfite conversion of genomic DNA was performed as described previously. So- 
dium bisulfite-treated genomic DNA was analyzed by means of MethyLight. a fluorescence- 
based, real-time PCR assay, as described previously (17, 18). Briefly, two sets of primers and 
probes designed spedficaUy for bisulfite-converted DNA were used: a metiiylated set for lixe 
gene of interest and a reference set. B-actin iACTB), to nomialize for input DNA. Specificity 
of the reactions for methylated DNA was confimied separately using Sssl (New England Bio- 
labs)-treated human genomic DNA (heavily methylated). Dividing the GENE:ACTB ratio of a 
sample by the GENE: ACTB ratio of Sssl-lxeated genomic DNA and multiplying by 100 cal- 
culated the percentage of fully methylated molecules at a specific locus. IHe abbreviation 
PMR (Eercentage of fiilly methylated reference) indicates tins measurement. For each Me- 
thyLi^t reaction 10 pi of bisulfite-treated genomic DNA was used. 

A gene analyzed in semm DNA was deemed methylated if the PMR value was > 0. Primer 
and probe sequences for ACW were S'-TGGTGATGGAGGAGGTTTAGTAAGT- 
3'(forward primer; SEQ ID NO: 26). 5'.AACCAATAAAACCTACTCCTCCCITAA-3' (re- 
verse primer; SEQ ID NO: 27) and 5'-FAM-ACCACCACCCAACACACA 
ATAACAAACACA-BHQl-3'(probe; SEQ ID NO: 28). for methylated RASSFIA 5 - 
ATTGAGTTGCGGGAGTTGGT-3' (forward primer; SEQ ID NO: 29), 5'- 
ACACGCTCCAACCGAATACG-3' (reverse primer; SEQ ID NO: 30) and 5'-FAM- 
CCCTTCCCAACGCGCCCA-BHQl-3'(probe; SEQ ID NO: 31). 

Statistics 

Pearson's Chi^ or, in the case of low frequencies per cell. Fisher's exact method to test asso- 
ciations between categorically clinicopatlxological features and methylation measures were 
used. Hie Mami-Whitiiey U Test was used to assess differences between non-parametnc dis- 
tributed variables. Rel^se-free and overall survival were calculated from the date of second 
serum draw (one year after diagnosis) to the date of relapse or death or last foUow-up. Re- 
lapse-free and overall survival curves were calculated with the Kaplan-Meier method. Um- 
variate analysis of overall survival according to clinicopathological fectors (tumor stage, grad- 
ing nodal status, menopausal status, homione receptor status (estrogen and/or progesterone 
rec^tor positivity)) and pretherapeutic and one-year-after serum RASSFIA DNA methylation 
was performed using a two-sided log-rank test 
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Multivariate Cox proportional hazards analysis was used to estimate the predictive effect of 
methylated s&rvmRASSFlA DNA. 

A p value < 0.05 was considered a statistically significant difference. All statistical analyses 
were performed using SPSS Software 10.0. 

Results 

RASSFIA DNA methylalion in laser-capture microdissected breast cancer cells 

The rationale for supposing RASSFIA methylation as a DNA-based marker for breast cancer 
ceUs was based on our previous finding that 98.6% of 148 analyzed breast cancer specimens 
showed positive PMR values for RASSFIA DNA methylation. as documented above and that 
RASSFIA methylation in pretherapeuric serum sanq)les of breast cancer patients who did not 
receive any systemic adjuvant therapy was an mdependent poor prognostioc marker. 
In order to fiilly document that RASSFIA DNA methjiation acts as a DNA-based marker 
solely for breast cancer cells but not for other breast- and/or tumor-associated cells, we per- 
formed laser-assisted microdissection of 13 parafBn-embedded specimens that had been re- 
moved due to hormone receptor positive carcmoma in situ. RASSFIA methylation was de- 
tected in aU cancer cell fractions, whereas the large majority of the underlying stix)ma or die 
non-neoplastic breast epitiielium or the adjacent stroma were negative for RASSFIA mefliyla- 
tion (Figure 4). 

RASSFIA DNA methylation in serum of non-breast cancer patiente 
To assess whetiier RASSFIA DNA methylation in serum is a breast cancer-specific marker, 
we analyzed prelherapeutic sem from non-breast cancer: RASSFIA DNA methylation (PMR 
values > 0) was detectable in prelher^eutic serum saii5)les fix)m only 11/154 (7.1%), 5/93 
(5.4%) and 3/78 (3.8%) patients wilh benign conditions of the breast, primary cervical cancer 
and prostate cancer, respectively. These findings substantiate tiie conjecture that RASSFIA 
methylation in serum is a specific marker for circulating breast cancer cells. 

RASSFIA DNA methylation in serum of adjuvantly tamoxifen-treated patients wifli 
primary breast cancer 

In tiiis retiospective approach we used prospectively coUected serum samples from patients 
who received tamoxifen for adjuvant treatment due to primary non-metastatic breast cancer. 
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who had pretherapeutic as weU as serum samples drawn one year after diagnosis (i.e. > six 
months after start of tamoxifen ther^y) and who showed no relapse within the first year after 
diagnosis or at second serum draw. A total of 19.6% and 22.3% of patients showed RASSFIA 
DNA methylation in their prether^e^c and one-year-after serum samples, respectively. Pre- 
therapeutic RASSFIA methylation showed nearly the same associations with clinicopa- 
thological parameters as described earUer for a different set of patients (17) and was corre- 
lated with tumor size, menopausal status (Table 10) and age (median age: RASSFIA umneliiy- 
lated (59 7 yrs; 36.9 - 88.4); RASSFIA methylated (67.6 yrs; 45.8 - 85.3; P=0.006)). 
RASSFIA DNA methylation at second serum draw after one year (Table 10) was associated 
only wilh age (median age: RASSFIA unmethylated (61.3 yrs; 37.8 - 86.1); RASSFIA methy- 
lated (67.4 yrs; 45.2 - 89.6; P=0.047)). 

Prognostic significance of cHnicopati»ological features and pretherapeutic RASSFIA 
DNA methylation in serum 

Tnmor size as well as lymph node metastasis were poor prognostic parameters for relapse- 
free as well as for overall survival, whereas tumor grade had a statistically significant mipact 
on relapse-free survival (Tables 1 1 A and 1 IB). Neither menopausal status, HR status nor pre- 
therapeutic RASSFIA DNA metiiylation in serum had an impact on prognosis (Tables llA 
and 1 IB). 

Early identification of patients who are non-responsive to adjuvant tamoxifen 
About one year (1 .04 +/- 0.1 1 yr.) after primary diagnosis of breast cancer (after patients were 
on tamoxifen 20 mg daily for at least six monlhs), a second serum draw was done. Serum 
RASSFIA DNA methylation at that time indicated poor relapse-free as well as overall survival 
(Tables llA and IIB). To test whether sa^RASSFlA DNA methylation is an independent 
predictor of non-responsiveness to tamoxifen, we used Cox multiple-regression analysis tiiat 
included timior size, grade, lyn^h node metastasis, menopausal statiis. HR status, additional 
adjuvant chemotherapy. Beside tumor size, metixylated RASSFIA serum DNA was strongly 
associated witii poor outcome, with a relative risk for relapse of 5.1 CTable 12A). The only 
predictor for poor overall survival was RASSFIA serum DNA metixylation. witii a relative nsk 
for death of 6.9 (Table 12B). To assess which patients might profit from adjuvant tamoxifen 
treatinent and which patients should be offered an alternative tiierapy to prevent relapse 
and/or death from breast cancer, we grouped patients into tinree categories accordmg to 
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RASSFIA DNA methylation in pretheraputic and one-year-ailer serum: (i) primary positive 
that switched to negative after one year, (ii) always negative, (iii) positive after one year, arre- 
speotive of primary meihylation status. Despite no difference in the foUow-up period or any 
otiaer climcopathological feature or treatoient modaHty, 0% and 21% of patients relapsed and 
50/0 and 240/0 of patients died in the 'Tos ^ Neg» and 'Tinally Pos" groups, respectively 
(Figure 5). With regard to survival, no statistically significant difference between the »Pos -> 
Neg" and "Always Neg" groups was observed. 

To date ti.ere has been no target to assess whether a patient will truly profit fi.>m adjuvant 
therapy or not following tumor removal. The invention now provides a simple tool for mdi- 
cating ♦tumor activity" ti^t is non-responsive to a patient's current systemic tiierapy. To our 
knowledge no systemic marker for monitoring adjuvant treatinent in breast cancer patients has 
yet been established. 

Dudng recent years some studies have rq,orted ceU-ftee DNA in serum/plasma of breast can- 
cer patients at diagnosis (Silva. (1999), loc. cit; MnUer. (2003) loc. cit; SUva, (2002). Ann. 
Snrg. Oncol. 9. 71-79; Shao. (2001), Cli.. Cancer K^. 7. 2222-2227). Ald«.«gh it is evident 
that DNA circulates fteely in the bloodstream of healthy cont^ls or even in cancer patients, 
the source of this DNA remains enigmatic. Within thU paper we demonstrate that BASSPIA 
DNA methylation is present in nearly all hrea« cancers and rare in patients with non- 
neoplastic breast conditions or patients with other invasive cancers, like cervical or prostate 
oancer the^fore, serum RASSFIA DNA methylation is a surrogate marker 6r cnculatmg 
breast cancer cells and disappearance indicates a response, whereas persistence or reappear- 
ance means resistance to adjuvant tamoxifen treatment 

the most common h«»fl»sis concerning the origin of circulating tumor-specific DNA. 
namely the lysis of circulating cancer cells or micrometastasis shed by the tumor, has turned 
out to be wrong because toe are «>t enou^ circulating oeUs to justify the amount of DNA 
found in the bloodstream. It ttus appears that circulatii« tumor-specific DNA could be due 
either to DNA leakage resulting ftom tumor necrosis or w>tosis or to a n«v me<*amsm of 
active release (Anker, (1999) Cancer Metastasis Itov. 18, 65-73). 

RASSFIA methylation has first been described m lung and breast cancer (Dammam., (2000) 
Nat Genet 25, 315-319; Dammam,, (2001) Cancer Res. 61, 3105-3109) and is bought to act 
as a key player in regdating mitosis (Song, (2004) Nat CeU BioL 6, 129-137) indudng the 
stability of mitotic cyclins and liming of mitotic pmgression. Additionally. RASSFIA local- 



wo 2005/040421 PCT/EP2004/011577 

-43- 

izes to microtubules during interphase and to centrosomes and the spindle during mitosis and 
the overexpression of RASSFIA-induced stabilization of mitotic cyclins and mitotic arrest at 
promet^hase (Song, (2004) loo. cit). 

Adjuvant endocrine therapy is one of the keys to improving breast cancer-specific survival. 
Recently, a prospective, placebo-controlled trial demonstrated beneficial effects of the aroma- 
tase inhibitor letrozole, a drug that reduces local production of estradiol, after discontinuation 
of tamoxifen therapy (Goss. (2003), loc. cit.). Of the 2582 patients treated in the letrozole arm 
only 29 women profited from this treatment by developing no distant metastases as compared 
to the placebo group. THis means that 100 patients have to be treated in order to prevent dis- 
tant metastasis in one patient As aromatase inhibitors are potentially harmful (e.g. osteoporo- 
sis) and cause discomfort (e.g. arthralgia, myalgia) to patients as well as economic stram to 
the health system, tools to identify patients likely to profit from this treatment are acutely 
needed Serum i24S5™ DNA methylation is an easy means of detecting patients undergomg 

adjuvant tamoxifen treatment who need secondary adjuvant ther^y. We were able to detect 
RASSFIA methylation in about 20% of breast cancer patients one year after treatment com- 
mencement. It is plausible to speculate that only tbese patients will benefit from fiarther adju- 
vant treatment. Using a simple test like RASSFIA DNA meUiylation in serum after a certam 
period of adjuvant treatment wilh anti-estrogens permits detection of those patients who need 
fiirther treatment with other substances like aromatase inhibitors or alternative Iher^ies. The 
abiUty to detect such patients would have a great impact on cost effectiveness and on prevent- 
ing side-effects in patients otherwise "over-treated" willi adjuvant treatment. 

Ex^Ele^ RASSFIA DNA methylation in serum is also an independent prognostic 
marker in patients with breast cancer metastasis 

It was evaluated whether the number of locations of metastasis. CA153 and DNA methyla- 
tion status of RASSFIA are prognostic markers in patients with metastasized breast cancer. 



Material and Methods: 

RASSFIA DNA methylation in sera (collected before (median: 15 days) or at tixe time of di- 
agnosis of relapse) of 42 patients (all younger than 60 years of age at the time of relapse) 
with secondary developed, measurable metastatic breast cancer have been analyzed. DNA 



wo 2005/040421 



PCT/EP2004/011577 



-44- 

isolation, bisulfite modification and MethyLight assay has been performed as described else- 
where. 

Results: 

Neither CA153 levels (Fig. 6) nor the niimber of locations of metastasis (Fig. 7) demonstrated 
prognostic potential in this group of patients. 

RASSFIA DNA methylation in the same serum that has been analyzed for CAl 53 was a poor 
prognostic marker ^ig. 8). 

The Cox multiple-regression analysis included CAl 53, number of locations of metastasis and 
RASSFIA methylation status. Metiiylated RASSFIA in serum DNA was strongly associated 
with poor outcome, with a relative risk for death of 3.24 (95% CI: 1.4 - 7.7; p = 0.008). This 
means that patients who had RASSFIA methylated in their serum had a 3.24 higher risk (inde- 
pendent of all other poor prognostic markers like CA153 or number of sites of metastasis) to 
die within the observation period, compared to patients with metastatic breast cancer who had 
no RASSFIA methylated in their serum. 

Up to data, beside CT scan, sonography and other imaging methods, the serum tumor marker 
CA153 is used to monitor efficacy of therapy in patients with metastatic breast cancer. Our 
data demonstrate that methylation of RASSFIA in the serum outperforms CA153 levels re- 
garding the prognostic value. In view of the data reported above. RASSFIA methylation in the 
serum also outperforms CA153's potency to predict the response to systemic therapy in pa- 
tients with metastatic breast cancer. 
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Table 1 



Lreue 


rrenomic se- 
quence (SEQ ID 


Bisulphite sequence (SEQ 
ID NO.) 


HICl 

MM 006497 


1 


6, 7, 16 and 17 


HSD17B4 
NM 000414 


2 


8, 9, 18 and 19 


APC 

NM 000038 


3 


10, 11, 20 and 21 


ESRl 

NM 000125 


4 


12, 13, 22 and 23 


RASSFIA 
NM 170715 


5 


14, 15, 24 and 25 
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Table 2. Characteristics of training and test sets. 





Training Set 


Test Set 


P 


(N=24) 


(N=62) 


Value* 




percent 




Size of tumour 




79 


0 024 


Tl 


62.5 




T2 


37.5 


13 




T3 + T4 


0 


7 


n.s 


Histologic type 


.67 


63 


Invasive ductal 




Invasive lobular 


8 


13 




Others 


25 


24 


n.s 


Tmnor grade 




A A 

44 


1 


46 




2 


33 


39 




3 


17 


10 




LrVmpn noQe meiaotaoco 
No 


75 


65 


n.s. 


Yes 


12.5 


11 




Unknown 


12.5 


24 


n.s. 


Menopausal status 


33 


16 
84 


Premenopausal 




jrostmenopausai 


67 


n.s. 


Estrogen-receptor status 


54 


40 


Positive 




Negative 


42 


45 


n.s. 


Progensteron-receptor 






status 


58 


45 
40 




Positive 




Negative 


38 


n.s. 


Honnone-receptor status 




50 


Positive 


63 




Negative 


33 


36 





*P values for flie comparison of numbers of patients were calculated by means of the Cbi 
test n s., not significant; Median age: training set (54.2 years; 37.6-83.2). test set (65.7 years; 
28.2-86.2), P = 0.052 ; Follow-up: training set (8.0 years; 1 month to 12.2. years), test set (3.1 
years; 1 month to 1 1 years) P < 0.001. 
Tumoxir grade was unknown in six cases. 
Hormone-receptor status was unknown in ten cases. 
Tumour size was unknown in one case. 
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Table 3. Frequency of methylated serum DNA in the gene evaluation set 



Gene 



Healthy Controls 
(N = 10) 



ESRl 
APC 

HSD17B4 

CDH13 

ESR2 

MGMT 

SYK 

HICl 

Irassfia 
Igstpi 

MYODl 

CDHl 

PTGS2 

PGR 

CALCA 

HLAG 

BLTl 

Iarhi 

IMLLT? 
ITFFI 
SOCS2 
SOCSl 
TERT 
DAPKl 
TIMP3 
BRCAl 
GSTM3 
MT3 • 
TWIST 
MLHl 
CYPIBI 
TITFl 
FGF18 
CDKN2A 
HSPA2 
PPP1R13 
B 

TP53BP2 
REV3L 
IGFB2 



0 

0 

0 

0 

0 

0 

0 

10 

10 

10 

20 

20 

30 

30 

40 

60 

60 

100 

100 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n-d. 
Hud. 

n.d. 
n.d. 
n.d. 
n.d. 



Primary Breast Can- 
cer 
(N = 26) 

percent positive 

27 

23 

12 

8 

4 

4 

4 

39 

23 

12 

27 

20 

39 

46 

50 

69 

85 

100 

100 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 



Recurrent Breast Can- 
cer 
(N = 10) 



70 

80 

30 

40 

20 

10 

10 

90 

80 

60 

80 

90 

100 

80 

60 

100 

100 

100 

100 

100 

40 

30 

30 

30 

20 

20 

20 

20 

10 

10 

10 

10 

10 

0 

0 

0 
0 
0 
0 



n-d., not done 
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Table 4. Univariate analysis of methylation status in training and test sets. 



Genes 



ESRl 
APC 

HSD17B4 
HICl 

RASSFIA 
RASSFIA/APC 
ESRl/APC 
ESRI/RASSFIA 



Training Set 
(N=24) 
P Value 

0.018 
0.002 
0.056 
0.796 
0.042 
<0.001 
0.001 
0.032 



Test Set 
(N=62) 
P Value 

0.555 
0.307 



0.014 
0.007 
0.951 
0.138 



*P values for each variable were calculated by means of the log rank test 
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Table 5. Frequency of methylated genes according to dinicopathological features. 



Characteristics 


No. of 


ESRl 


APC 


RASSFl 


RASSFl 


Fatients 






A 


A and/or 
APC 






% positive 


Size of tumour 










19 


Tl 


64 


14 


11 


9 


T2 


1 T 
1 / 


12 


12 


19 


31 


T3+T4 


4 


75 


25 


50 


50 


Histologic type 




18 


15 


11 


22 


Invasive ductal 


55 


Invasive lobular 


10 


20 


0 


30 


30 


Others 


21 


10 


10 


10 


20 


Tumor grade 






11 


13 


21 


1 


38 


11 


2 


32 


19 


16 


16 


31 


3 


10 


30 


10 


11 


11 


Lymph node metasta- 












ses 










18 


No 


58 


12 


9 


9 


Yes 


10 


20 


30 


20 


40 


Unknown 


1 o 


28 


11 


22 


2o 


Menopausal status 




28 


11 


11 


22 


Premenopausal 


18 


Postmenopausal 


68 


13 


12 


13 


22 


Estrogen-receptor 




16 


11 


16 


21 


Positive 


38 


Negative 


38 


16 


16 


11 


27 


Progensterone- 












receptor 




14 




14 


18 


Positive 


42 


5 


Negative 


34 


18 


24 


12 


33 


Hormone-receptor 












status 








15 


20 


Positive 


46 


15 


9 


Negative 


30 


17 


20 


10 


31 



Tumour grade was unknown in six cases. Hormone-receptor status was unknown in ten cases. 
Tumour size was unknown in one case. DNA methylation of RASSFl A for one case was 
missing.Chi2 Pearson: Tumour size - ESRl (P = 0.005); Tumour size - RASSFl A (P - 
0 049)- Progesterone-receptor - APC (P = 0.036); Median age - RASSFl A methylated (79.0 
yrs • 49.6 to 86.2). RASSFl A umnethjdated (59.4 yrs.; 28.2 to 82.3.) P = 0,009 
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Table 6. Results of univariate analysis. 



Variable 

Size of tumour 

Tl 

T2 

T3 +T4 
Histologic type 
Invasive ductal 
bivasive lobular 
Others 



No. of Patients 
Who Died/Total 
No. 

10/64 
5/17 
2/4 

13/55 
1/10 
3/21 



1 

1 


6/38 


2 


9/32 


3 


2/10 


Lymph node metastases 1 


7/58 


No 


Yes 


5/10 


Unknown 


5/18 


Menopausal status 1 


1/18 


Premenopausal 1 


Postmenopausal 


16/68 


Estrogen-receptor 


10/38 


Positive 


Negative 


6/38 


Progensterone-receptor 


9/42 


Positive 


Negative 


7/34 


Hormone-receptor 




status 




Positive 


10/46 


Negative 


6/30 


ESRl methylation 


13/72 


Umnethylated 


Methylated 


4/14 


APC methylation 


12/76 


Unmethylated 


Methylated 


5/10 


RASSFIA methylation 


11/74 


Unmethylated 


Methylated 


6/11 


RASSFl/APC methyla- 




tion 


7/66 


Unmethylated 


Methylated 


1 10/19 



Relative Risk of Death 
(95% CI) 



2.2 (0.6 - 7.8) 
5.4 (0.7 - 42.9) 



7.3 (1.7-31.7) 
2.8 (0.8 - 10.3) 



1.8(0.5-6.7) 
5.3 (1.3-21.3) 
6.9 (1.8-26.5) 

9.5(2.9-31.4) 
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Table 7. Multivariate Analysis. 



Variable 



Size of tumoiir 

T2 (vs. Tl) 

T3 + T4 (vs. Tl) 
Lympli node metastases 

Yes (vs. no lymph node metastases) 

Unknown ( vs. no lymph node metastases) 
Age 

RASSFl A and/or APC methylated (vs. unmethy- 
lated) . 



Relative Risk of Death 
(95% CI) 



2.7 (0.8-9.3) 
2.9 (0.4-20.5) 



3.9 (1.1-13.9) 
5.2 (1.2-22.4) 
1.0 (1.0-1.1) 
5.7 (1.9-16.9) 
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51 
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I Table 9. Characteristics of breast cancer patients in- 
luded inliie analysis. 



Patients 
(N = 148) 

no. (%) 



Oiaracteristic 



li 42(28'.4) 
, T3 + T4 14(9,5) 



110(74.3) 
19(12.8) 



Invasive ductal 
Divasive lobular 

n 83(56.1) 
m 14(9.5) 

4(2 7) 

one to three nodes positive nhi^i 
more than three nodes positive 20 (13.5) 

I " piremenoiausX^ uf!'nil'^ 
Postmenopausal ^ ... ^;°^^J^:.■i■l■<i: . ■ . 

Positive i^)^{pf^^) 

123(83.1) 
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Table 10. Characteristics of patients according to RASSFIA metliylation 
status in pretherapeutic and one-year-after serum samples 

f without and witii parenthesis, respectively). 

Unmethylated ^Methylated Pearson's Chi 

Characteristic N= 119 (115) N = 29(33) square Test 

no. of patients . 

TontA 40(42) 16(14) 

*I - ■ ■ 41(34) 6(13) 

TT/m 75 (77) 22 (20) 

m mm 

Negative 73 (70) 15 (18) 

^fe^s--v:?:> mmm 

Premenopausal 29 (27) 1 (3) 
Postmenopausal 90(88) 28 (33) ijs ^i-^'? > 
iMfirPLoMegepfpF^^atug:/,-, ^'^.^f^f^^^- • • r'*'*" ' - 
Positive 113 (108) 28 {55) 
Negative 12} 



r 
0 



I 

|- 
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Variable 



able llA. Results of univariate analysis for relapse-free survivaL 



No. of patients who Relative Risk of re- 
relapsed/total No. lapse (95% CI) P Value 



Jin/. 11/56 10.0(2,2-45.3) .... 

Tp!!|pr;g|'#4§'-i^«te«^^^ 2/47 

1 11/97 4.3(0.9-19.7) 

Negative 5.8(1.6-21.0) 

Positive . ■ ;-;v«--,r:SVJ-=^?A' ... ■fWJ^i^M^'X--^?^- ■' 

Premenopausal 1 1 (0 3 - 4.0) 

12/141 0.7(0.1-5.1) 

^^S^^ 3/29 1.5(0.4-5.8) . 

7/33 4.2(1.4-12.5) 



Negative 
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Table IIB. Results of univariate analysis for overall survival. 



Variable 



No. of patients who Relative Risk of 

died/Total No. Death (95% CI) P Value 



5/92 
10/56 

I 3/47 

Negative 5/»8 32(1 1 -97) 

Premenopausal 2/30 ^nrn'i qo\ 

Postmenopausal _.^..„ ,,. l^/llS , . , r^Kf-y^W^^ 

^^^""^ 14/141 0.7(0.1-5.2) 
Positive ^'-'^ 
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Table 12A. Results of multivariate analysis for 
relapse-free snrvival, 



Relative Risk of 




Table 12B. Results o f multivariate analysis for overaU survivaL 

■ Relative Risk of 

Variable Death (95% CI) ?V^we 

-mpltftisfir, .. . '.^.:v*'. - ■ 2t'(6 1-10 9) o.u 

T2n'3/T4vsTl. . .vSprw^ 

-nmM mm mmmmw-^-..'^.-^ ^--"^Q'Tnt: \ 6 1 \' 0.14 




